Many Activities, A Single Obijective.-.. Your Satisfaction Bee 


Aas METER COMPANY is an engineering and 


service organization as well as a meter manufacturing 
corporation .. . This Company maintains an experienced 
staff of gas measurement engineers. It supports laboratories 
that are known for completeness and precision of equip- 
ment, and for tangible results obtained. It develops and 
manufactures gas and meter testing apparatus that is 
standard equipment in laboratories . . . American Meter 
Company Gas Meters are the result of long experi- 
ence, practical research and painstaking manufacture. 
Their serviceability and accuracy makes them 
economical to use...An outline of the com- 
plete information furnished by Ameri- 
can Meter Company | service on the va- 
rious requirements of gas measurement 


engineering will be . sent on request. 


MERICAN METER COMPANY 


Incorporated 


General Offices: 105 West 40th St., New York, New York 


STREAM-LINED 


TO PRESENT LEAST RESTRICTION TO 


GAS FLOW 


Airplanes are stream-lined to reduce air re- 


sistance. Nordstrom ‘‘Venturi’ Valves are 
stream-lined to reduce resistance to gas flow. 
Stream-lining the 


of the Nordstrom “Venturi” 


interior 


Valve assures least restriction 


the pipe line but due to the stream-lining 
j there is no appreciable pressure loss. 
{ ADVANTAGES — Nordstrom “Venturi” 
TD Valves are leak-resistant and 
= 
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non-sticking because lubri- 


cant under pressure seals the 


to gas flow and eliminates any 
trapintheline. If you rotate 
the valve a quarter-turn and 


look at it from the side (see 


illustration at right) the up- 


per and lower boundary of 


the channels are practically 
through the 
plug is equal to 40% of the nominal area of 


straight lines. The opening 


valve and makes the plug 
easy to turn. They require 
less material to make. They 
occupy little space; are easier 


to operate and handle. Size 


6” to 30” inclusive, for pres- 
sures from 150 to 500 pounds. 
Ask for latest Catalog. 


““Merco” Lubricants and Pipe Compound 


For the most efhcient valve service, always use “Merco” 
Lubricants. Specially prepared for the Gas Industry. 
“Merco” Pipe Compound permanently seals _ joints, 
threads, gaskets, etc. Complete details on request. 


MERCO NORDSTROM VALVE COMPANY 


SUBSIDIARY OF THE MERRILL COMPANY . 


pttante - > Healy Bldg 


Detroit - 2842 West Grand Blvd. 
E! Paso - 111 So. 


. reson 


ew Orleans - Masonic Temple Bidg. 
oe York - 11 W. 42nd St. 


a> -llenaeke Behe Virginia St. Pittsburgh - Clark Bide 
Chica 176 Ww. pe St. Houston - Petroleum Bldg i ou ea 
go & Bide. ‘ Los Angeles ~ 556 So. , San Pedro St. ot eens) sBleventh St St. 
Agenc es: 


Denver 
Honolulu 
Manila - 


Republic Supply Company 332 Continental Oil Bidg. 
Ramsa Ltd.” . Fort & Queen Streets 
E. W. Sharp,c-o > 7 “Morphy C Co. Perez Semanillo Bidg. 


Cutadeiphia rome Witsoe & Company pose Arch St. 
C. Beckert, 112 Durand Stre 
Sa Lak city "National ant Co., 101 West 2nd South St. 


- B.V. Emery & Company, 216 E. Brady Stree 


ctories in U. S. 


Oakland, Calif. and nommanro N. J. 


Fact 
Peacock Bros., Ltd., Montreal, Toronto, n Shropshire Vancouver. (Also Sydney, N.S.) 


Canada - 
Eastand - Audigy Engineering Co. 


DSTROM 
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“VENTURI” 
ECT APPLICATION OF A PRINCIPLE 


Newport Skrops 
os Aires, - Genera! Electric, Soc. wi 


non. Victoria 618 Esq. Peru. 


VALVES 
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A very comprehensive idea of the enor- 


mous mileage of natural gas pipe lines 


ti 2 , . a ; . . %* . . . 
aed 79 Th lee BS operating in the Pittsburgh district is given 


ad ~. CR. foe rage in the accompanying illustration. 


“ "= ; Te ee | A vast majority, possibly in excess of 
and 90%, of these lines are Dresser Coupled and 
some of them have been in service for 


hock nearly forty years. 


| S. R. DRESSER MANUFACTURING, CO. 
: | Bradford, Pennsylvania 


Cod wale 


Bristle 
| ine LocATION ~ CLARKSBURG Lect 
“4 ; 


“a 


SSERCOUPLINGS DOMINATE 


WESTERN GAS 
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VERBEND"” 


“Sag and overbend” is put in- 


to lengths of SMITHWelded 
Line Pipe already welded into 
the line by the extremely 
simple method of holding it 
down by the weight of a 


caterpillar tractor and bending 


Ried ahah eth ks > 


the pipe by the force of a 


relia a 4 9d 


crane—a pretty fair test of pipe. 


Hm 


A. O. SMITH CORPORATION 


General Offices: Milwaukee, Wis. 
Oil and Gas Field Products Division 


District Offices at: 
New York » Tulsa » Houston + Los Angeles 


WESTERN GAS 


EARNED | 
LEADERSHIP 


We submit with pride three outstanding 
technical achievements which have been an- 
nounced, this year, to the gas industry. 


FISHER Type No. 725 House Service 
Regulator. Under development and perfec- 


tion since 1927. 


THE FISHER Series 2200 Master Controller 
FISHER for accurately regulating all pressures and 
GOVERNOR vacuums. 


COMPANY, Ince. ' 
2400 Fisher Building The FISHER alignment and capacity 


Mershellibawn, charts, giving complete data on actual capa- 

IOWA city of FISHER valve bodies on all kinds of 
fluids. The result of three year’s work of 
our Research Department. First informa- 
tion of its kind ever published. 


Please use your business letterhead when writing for 
bulletins covering any of the above subjects. 
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This N EW gas-tight 
ANTHONY JOINT 


i 


rouiowen RING 


-YP 


SPLIT CLAMP RING 


>to 
i 


‘GASKET 


MALLEABLE 
-SOUARE HEAD BOLT 


i, Wi 


pS for greater deflection 


It is remarkable, the amount of deflection 


which the improved Anthony Joint allows. 


This is due to the unique bell design as shown 
in the above illustration. You will notice that 
the gasket, while being held secure- 
ly in place by the follower ring, | 
functions as a fulcrum, allowing the | 
spigot an unusual amount of play | 
within the bell chamber, 


Over the length of several pipes, 
this play or freedom results in a : 
surprising amount of deflection. It 
permits a line of Anthony Joint pipe 
to be laid in steep or sharp curving |, 
trenches without the use of special | 


bends, 


United States Pipe 


and Foundry Co., 


Anthony Joint Pipe has been proved to be ab- 
solutely gas-tight under maximum pressure 
and deflection. And, it is quickly and easily 
assembled by unskilled labor. 


The improved Anthony Joint is 
‘| now made for both pit cast pipe and 
deLavaud centrifugally cast pipe. 
| Rings and gaskets are interchange- 
| able. We especially recommend 
| Anthony Joint fittings for use also 
| with standard plain end pipe. 


| Let us send you complete informa- 
=| tion regarding the advantages 
which this newly improved Anthony 


Joint offers. 


a Burlington, N. J. 


Sales Offices: Philadelphia Cleveland tr pat mar i bo The Cas ro on Dallas Minneapolis San Francisco 
New York Pittsburgh Buffalo ssc Birmingham Seattle Los Angeles 
Chicago Kansas City 


ZERO 


TO 


MEASURED AND RECORDED 
ACCURATELY AND ECONOMICALLY 
WITHOUT A SINGLE CALCULATION 


ITH precision and economy, the Linder- 
man Orifice Meter measures all quantities 
of gas, from zero to capacity. Complicated calcula- 
tions are eliminated by automatic compensation 
for variations in temperature, pressure, rate of 


flow, and specific gravity. 


The gas measured is registered on a straight 
reading index. In addition, an easily read, per- 
manent record of flow is indicated on daily or 
weekly charts. As a result, peak and off load 
reports are always at hand to aid in analyses of 


consumption and distribution. 


The Linderman Orifice Meter is only about 
twice the size of a gate valve of the same capac- 
ity. With the exception of its controller, the 


meter is assembled as a single unit. Its compact 


CAPACIIY 
Under Varying Conditions 


construction insures operating efficiency in a 


minimum space. 


A completely equipped experimental and in- 
spection laboratory is maintained at the Metric 
Metal Works factory of American Meter Com- 
pany. Here and in the field, engineers con- 
stantly study the most practical methods of gas 


measurement. 


Four years of laboratory and field research 
preceded the introduction of the Linderman 
Orifice Meter. Many experimental models were 
observed and checked under various actual oper- 
ating conditions before the present style was 
perfected and placed on the market. This has 
resulted in a highly developed instrument of 


unusual accuracy. 


For gas companies and manufacturing plants, 
the Linderman Orifice Meter has solved many 


problems. 


SO aa a OS EN, 


WESTERN 
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The Linderman Orifice Meter Compensates Automatically 


See Description Below 


Information regarding any phase of large the speed of motor M. These actions are fully 


volume gas measurement will be furnished upon explained in catalog LG-1. 


request. The construction and operation. of the 


Linderman Orifice Meter is described in detail Sizes and Capacities 


by catalog LG-1, recently issued. Write for it. High Pressure Low Pressure 
Pipe Size More than 15 Ibs. Less than 15 Ibs. 
6" Oto 150,000 0 to 45,000 
. e " 

The Linderman Orifice Meter S Oto 290,000 Oto 90,000 

12" Oto 640,000 Oto 200,000 

Compensates Automatically 16" 0 to 1,250,000 Oto 350,000 

: 22" 0 to 3,000,000 Oto 800,000 

a ae ie ; 30" 0 to 4,000,000 0 to 1,250,000 
: Automatic compensation is effected in this man- 

| | ner. The valve L—actuated by the difference *The above capacities are in standard cubic feet per hour. 

: in elevation of the surfaces of low volatility AMERICAN METER C OMPANY 

'- oil -” —r Hi and pane maintains a normal The Worlds Largest Dimafecere af tone bien and Allied Apparatus 

: differential. Mercury in the tube P compen- GENERAL OFFICES : 105 W.407T# STREET - NEW YORK.N.Y. 
i sates pressure changes. Blower B compensates 


— 7 
Rhee 


variations in specific gravity. Oil in chamber T 


compensates temperature changes. Cam Y and 


blower B compensate for possible variations in 


ea Taso Re etre i = NEADS. cee aes OPN, |e 


SALES - ERIE + DALLAS : TULSA -: DENVER + LOS ANGELES «+ SANFRANCISCO °* —~ KANSAS CITY 
SERVICE * PITTSBURGH <-: CHICAGO -: PHILADELPHIA - NEW YORK «<« BALTIMORE + BOSTON «<« ALBANY 
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“For every joint on every line” 


Pp ipe lines laid with 


Vietaulie Couplings — 


conform to grade 


ehanges and curves — 


are leak-proof for the 


life of the pipe — are 


laid faster and with 


unskilled labor. 


Vi 


VICTAULIC 
Available for steel, wrought DISTRIBUTORS 


° . - Mid Continent and Rocky Mo i 
\ iron, cast iron and spiral weld HANLON-WATERS. INC. 
Tulea, Oklahoma 
ipe—all sizes from 34" up— Pacific Coast 
P P YA P DUCOMMUN CORPORATION 
Los Angeles and 


YS for all working ‘pressures. See San Francisco, California 


Western Pennsylvania 


Sweet’s Page 451. Mail the PITTSBURGH SUPPLY COMPANY 


Pittsburgh, Pennsylvania 
Eastern Pennsylvania 
coupon below. R. J. CROZIER & CO. 
Philadelphia, Pa. 


VICTAULIC COMPANY OF AMERICA BELL and eee 
26 Broadway New York Chicago, Illinois 


Ohio 
CASE HARDENING SERVICE CO. 
Cleveland, Ohio 


FLEXIBLE LEAK-PROOF Minnesota, Wisconsin, Iowa 


F. S. VAN BERGEN 
Minneapolis, Minnesota 
Canada 
D. B. McWILLIAMS 


Toronto, Canada 


West Virginia and Kentucky 
THE McJUNKIN SUPPLY CO, 
Charleston, West Virginia 


“For every joint on 
every line” 


REG.U.S.PAT OFF. Tennessee 


PIPE COUPLINGS ao 


FOR OIL, GAS, WATER, SEWAGE, COMPRESSED AIR, ETC. 


C O U P O N VICTAULIC COMPANY OF AMERICA sc A Ra ae 8 kag mma ama naa 
; se8, installati > 
or uses, installations 2% Broadway New York 


specifications and 
stile fill in and mail Please send me VICTAULIC N 6 SE cinihinh name eettiennid iinet tiibentiecteiigaibiannssadesacvenshuts 
this coupon. B U LLETI N Oo. 


DON ta OR CSS ee Se Meh BIE 
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| a“ his | Natura as 
DeSiard Station, Interstate Natural 
Gas Company, Monroe, La., a typt- 
cal installation of four Worthington 
25x48" Twin Tandem Gas-engine- 
driven Gas Compressors. Ford, Bacon 
& Davis, Engineers 
‘ ge revolutionary expansion of natural gas service is becoming 
a factor of national importance... influencing production 
| costs and reaching into the daily lives of thousands of communities. 
are In this revolution Worthington is deeply interested... not only 
MPS “ae ' ' . 
' COMPRESSORS because it is supplying a large part of the gas-engine-driven com- 
1 Stationary and Portable pressors installed on the large pipe lines... but because the increased 
| | CONDENSERS ai f; f. 
- and Auxiliaries ) distribution of natural gas opens up new fields of usefulness for 
| Danse Seerrses pumps and other types of Worthington-built equipment. 
: GAS ENGINES . 
| FEEDWATER HEATERS , ; 
ATER Oil cad Worthington Gas Engines now installed reach a total of nearly 
GASOLINE METERS 400,000 horsepower. An experience of thirty years in building 
MULTI-V DRIVES these engines is an assurance to pipe line designers and owners 
; CHROMIUM PLATING 
‘ eu that Worthington equipment is a safe investment. 
le Literature on request 
: : 
WORTHINGTON PUMP AND MACHINERY CORPORATION 
: Works; Harrison, N. J. Cincinnati, Obio Buffalo, N.Y. Holyoke, Mass. 
q Bulletin S-550-B1 describes and Executive Offices: 2 Park Avenue, New York, N.Y 
; illustrates Worthington Gas- GENERAL OFFICES: HARRISON, N. J 
: : District Sales Offices and Representatives: 
: engine-driven GasCompressors. ATLANTA CHICAGO DALLAS’ EL PASO LOS ANGELES PHILADELPHIA S&T. PAUL SEATTLE 
é BOSTON CINCINNATI DENVER HOUSTON NEW ORLEANS PITTSBURGH SALT LAKE CITY TULSA 
i May we send you a copy? BUFFALO CLEVELAND DETROIT KANSAS CITY NEW YORK ST. LOUIS aan Gaaleeens Wanmenen 
: y Branch Offices or Representatives in Principal Cities of all Foreign Countries 
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Four Branch Offices, strategically 
located, for “on-the-spot” service 
to the oil and gas industries. 


Throughout the vast oil and gas territory west of 
the Mississippi River, ONE organization is prepared to 
give you dependable engineering counsel and prompt 
delivery service on a complete series of related articles 
pertaining to oil and gas measurement and control. 


ESTCOTT2 CREIS 


LOS ANGELES TULSA HOUSTON DALLAS: 


ao aed : : 
45 its Sf See Oe ee ee ee . ‘ 
oe EPRREIES Ci RG RS a acai aee's eK tc RA EL tend Mee sy. 
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* SERVICE 


From Field to 
Consumer 


ae » hee 


The Westcott & Greis Organization 
serves you from Branch Offices stra- 
tegically located within just a few 
hours from every major oil and gas 
development in the California and 
Mid-Continent fields. 


Representing factories which are 
pioneers in the industry, with unlimi- 
ted engineering and manufacturing 
facilities at their command, the 
Westcott & Greis Organization is able 
to bring to the solution of your meas- 
urement and control problems a per- 
sonal interest and experience which 
is backed up by practical as well as 
Metric winch Ghesiar af Aeamaiticen teanes On theoretical values. 


Crosby Steam Gauge and Valve Co. 
Taylor Instrument Companies * 


Davis Regulator Co. Westcott & Greis engineers 
Reliance Mfg. Co.* * ° 
The Meriam Co. make your problems their 


SALES REPRESENTATIVES FOR: 


Robinson Orifice Fittings Co. problems. Their counsel is 


Chaplin Fulton Mfg. Co. ° . 
' "Bristol an . yours at any time... entirely 
Also a Complete Line of Laboratory Supplies. : ° . 
California Field Only *® % *® Mid-Continent Field Only without obligation! 


WJESTCOTTA CREE 


LOS ANGELES TULSA HOUSTON DALLAS 


cop 


Natural Gas 


Unsurpassed in cutting speed 
and gas economy— 


Of perfect balance and han- 
dling ease— 


Sturdy in construction to 
outlast years of severe cut- 


ting operations— 


The Victor natural gas cut- 
ting torch is the outstanding 
example of 17 years of un- 


divided effort of Victor 


Engineers. 


Victor Engineering cooperation is at the disposal of all Natural Gas 
Companies confronted with the conversion work involving dental, 


jewelers and gas heating torches. 


Victor Welding Equipment Co. 


$44. Folsom Street 


San Francisco 


WESTERN GAS 


New York 


DarRLING 


GATE VALVES 
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UNDER PERFECT CONTROL 


. .... along the entire route 


Many millions of cubic feet 
of gas are distributed to dis- 
tant points through pipe lines 
controlled by Darling Gate 
Valves. 

The experts in charge of 
both production and distri- 
bution know 


tightly—all anyone expects 
of a valve. But it takes a 
Darling to satisfy those who 
also demand simplicity and 
long wearing quality. 

Catalog No. 15 contains 
complete details of Darling 


Gate Valves. 


Darling Gate 


Valves can al- 
waysbe depend- 
ed upon to open 
easily and close 


stations. 


Darval Semi-Steel Gate Valve, 
Dar-a-loy trimmed—for natural 
gas pipe lines and compressor 


To Get your 
copy, just fill 
in and mail the 
coupon. 


DARLING VALVE & MFG. COMPANY 
Williamsport, Penna. 
Oklahoma City 


Houston 


Darling Valve & Mfg. Co., 
Williamsport, Pa. 


Please send us a copy of the Darling Catalog 
No. 15. 
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Dealer Cooperative Advertising Carried During 1930 Water 
Heater Campaign 


Cooperate With Dealers 


An extensive dealer campaign to sell self-action gas water heaters 
will take place throughout the territory served by the San Diego 
Consolidated Gas & Electric Company during seasonal intervals in 
1931. 

Foundation for this sales effort was laid during April, May and 
June of this year with practically every San Diego dealer in A. G. A. 
approved heaters enthusiastically cooperating. 

Dealer helps of a sales promotional nature will include coopera- 
tive newspaper advertising, outdoor and window displays, also cen- 
tral office exhibits as above illustrated. 

An extensive survey of gas appliances used by our 55,000 gas 
customers indicates the timeliness of such a campaign. 

Basing our estimates on 1930 results we conservatively believe 
than more than 1,000 automatic heaters will be sold throughout 
our territory next year. 


San Diego Consolidated Wie 
Gas & Electric Company 


“\ GERVIGE 


September, 1930 


Here's a volume you should adopt as your handbook of 
valve and fittings information. This new Walworth Catalog 
88, just off the press, is the most comprehensive catalog 
and reference book ever published for the oil industry. It 
lists, describes and illustrates everything that Walworth 
makes, and gives full specifications as to size, pressure- 
rating and price of every item in the complete line made in 
the five great Walworth factories. We shall be glad to send 
you a copy by return mail, with our compliments. 


WALWORTH 


WALWORTH CALIFORNIA CO., 235 Second St., San Francisco 
WALWORTH COMPANY, 809 Fourth Place, Los Angeles 
General Sales Offices: 60 East 42nd St., New York 


Page 


Your new Walworth Catalog is 
ready to mail 
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Oil, water and gas pressure 


ratings given for every item 


Here is complete information for the 
oil industry about such important 
equipment as: Walworth Sigma Steel, 
Drilling Gates, Line Valves and Re- 
finery Valves, Gas Line Valves, 
Kewanee Unions and Flange Unions, 
Refinery Malleables, Iron Body Gates 
and Globe Valves, Bronze Valves, 
C.N.I. (Chrome-Nickel-lron) Cast Pipe, 
Walco Wrenches etc., etc. The book 
includes many pages of valuable en- 
gineering data, making it a complete 
and authoritative handbook for the 


oil engineer. 


Send for your copy TODAY 


WESTERN GAS 
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‘| HIS company joins 
with other Southern California 
utilities in extending a cordial 
welcome to the Officers and 
Members of the Pacific Coast 
Gas Association on the occa- 
sion of the 37th annual con- 


vention in Pasadena. 


SOUTHERN COUNTIES 
GAS COMPANY 


RLAST 


rotective 
Coatin s 


— Al fi _ 
1. Driving mechanism for turning and ad- a en an od —— 
vancing pipe. 2. Changeable gear train for a coating a wrapping SUFES 
variable speeds. 3. Control for tightness of uniformity and reduces application costs. 
grip prevents slipping. 4. 5-H.P. gas engine. 
5. Primed pipe entering machine. ; : ; ; 
In line with its policy of selling a complete 
pipe protection service, McEverlast, Inc. 
has perfected pipe coating and wrapping 
| machines which are offered to users of Mc- 
, Everlast products at a very nominal rental. 
: 
With them, any combination of McEverlast 
Coatings may be applied at low cost and with 
mechanical uniformity. 
McEverlast protective coatings plus mechan- 
: Red aki tb Cadi tia: & toa ical application plus McEverlast service are 
rack for Kraft paper. 3. Tension rolls. d ° ° ° ° : 
3 ready to assist you in solving your pipe line 
4. Asphalt pump. 5. Asphalt heating tank. y y 5 Y P!P 
corrosion problems. 
[tMREG]) 
111 West Seventh Street, Los Angeles, California 
35 E. Wacker Dr. 1754 Graybar Bldg. 
CHICAGO, ILL. NEW YORK, N. Y. 
1234 Athletic Club Bldg. 429 Russ Bldg. 
DALLAS, TEXAS SAN FRANCISCO, CALIF. 
OFFICES IN PRINCIPAL CITIES 
Please send me your illustrated booklet and: 
details of your inspection service. : 
Name - 
1. Asphalt fountain. 2. Osnaburg wrap go- Address : - : 
ing on pipe. 3. Asphalt oozing through open ! 
t weave of paper. 4. Kraft paper going on City__ pene 
pipe. 5. Finished pipe leaving machine. 
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natural gas 


service 


is now complete in the entire territory as served by 
COAST COUNTIES GAS AND ELECTRIC 
COMPANY, including the counties of: 


Monterey Santa Cruz San Benito 


Contra Costa Santa Clara 


Merced 


and the towns as listed below: 


Santa Cruz San Martin Tormey Aromas 
Hollister Avon Pacheco Aptos 
Antioch Watsonville Selby Freedom 
Concord Gilroy Pajaro Soquel 
Pittsburg Pinole San Juan Bay Point 
Crockett Hercules Morgan Hill Capitola 
Oleum Martinez Mococo Nichols 
Port Costa Rodeo Old Gilroy Brentwood 
Los Banos Gustine Tres Pinos 


This changeover from manufactured to straight 
natural gas comes as a climax to a year’s work in the 
gigantic task of bringing this new fuel to both indus- 
trial and domestic consumers in the area served. 


COAST COUNTIES 
GAS and ELECTRIC COMPANY 


Always at Your Service 


WESTERN GAS 
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B-VITEX- 


The Original 


Asbestos base 


non-corrosive and 
insulating 


gas vent and flue pipe. 


Five years 

in actual use, 

it has proven 

its lasting qualities 
and general superiority 
over any other type 

of pipe used for 
carrying off products 


of gas combustion. 


PFiIAN I. KUBBER 6G. 


LA 2b E> 1 © >. WwW OR Rae 


5/7 Brannan Nt. San Francisco 
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WG 
ELECTROLUX ©/ 
THE OA “REFRIGERATOR a a 


By using this refrigerator you 
will reduce the cost of keep- 
ing your food at the proper 
temperature, and at the same 


time you will experience a 
saving in food. Protect your 
family’s health ... install an 
Electrolux Gas Refrigerator. 


a Lili 


. 
iN 


Cite 


Uh 
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SOUTHERN CALIFORNIA 
GAS COMPANY 
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Pipe Line 
Construction 


MACCO CONSTRUCTION COMPANY in February com- 
pleted the Southern California Gas Company, 70 
mile 20-inch line from the Kettleman fields in 
Kings County California to the Buena Vista Hills 


field in Kern county. 


MACCO now has under construction 10 miles of 26- 
inch line and 17 miles of 22-inch line between 
Sawtelle and Newhall for the Southern California 
Gas Company and 13 miles of 22-inch line over 


the Ridge Route. 


These pipe line projects bear excellent testimony to 


MACCO’S ability on major pipe line construction. 


Call the Macco Construction Company for highway, wharf 
construction, oil field construction work including derrick 
erection, excavation, etc. Telephone Jefferson 1148 L. A.., 


Hynes 428, Clearwater. 


oO) 
. & 


Macco Construction 
Company 


The above views show MACCO construc- - 1: : 
Hs gst once Stn Sc a 815 Ocean Avenue Clearwater, California 


Company lines. Scenes include lining up 

and tacking pipe, making a rolling weld, 

cleaning pipe in the field, and spray gun 
painting. 


WESTERN GAS 


Air-Mixed 
Liquefied 
Natural Gas 


The Ultra-M odern Fuel 


THE INVESTIGATION, 


design and construction for 
service of air-mixed lique- 
fied natural gas to approximately one 
hundred Pacific Coast cities for the: 


Natural Gas Corporation of California 


Natural Gas Corporation of Oregon 
and 


Natural Gas Corporation of Washington 
(Subsidiaries of Standard Oil Company of Calif.) 


is being conducted by 


THEBo, STARR AND ANDERTON,. INC. 


Public Utility Engineers and Constructors 


SHARON BUILDING » » » SAN FRANCISCO 
TOKIO, JAPAN MEDELLIN, COLOMBIA 


— i 
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G’ 
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COUNTRY (S) 
When the WN 


mountain did 7 > 
not go to {FE @)s 

Mohamet then 
Mohamet went — Justso was seavice, 
fo the mountain which is now being —" to the 


smaller cities of the Pacific Coast 


States. The first air-butane plants are reacy at Brawley and 
Calexico. Others are being built at Vacaville, Rio Vista, Fair- 


field, Isleton and Suisun. More will follow. 


Natural Gas Properties, Inc. 
Natural Gas Corporation of California 
Natural Gas Corporation of Oregon 
Natural Gas Corporation of Washington 


Management of 


cat Management & Operating Corporation 
225 BUSH STREET «» «» SAN FRANCISCO, CALIFORNIA 


‘  .. 
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Dealers— 
Where Natural Gas will affect you 


The advent of Natural Gas in the Pacific Gas and Electric Company terri- 
tory is creating an immense new market for .all types of gas-fired appliances. 


sistent advertising, is leaving no 
stone unturned in its effort to create 
Real Prospects for all of those selling 
gas appliances. 


Consumers, realizing an estimated 
slash of as much as 53% in their 
bills, are turning rapidly to gas fuel 
as anefhicient and economical solution 


of their heating problems . . . both ies, Th q ' 
domestic and industrial. Clean. vst ei ealer selling gas- 
cone ties meaine fired appliances in P. G. and E. ter- 
| wi : ‘ “er , : 
Although the public is conscious ang ees ey ey effectively rigs with this 
of the many advantages of Natural teeta 0 ai and ‘cash in’ on the re- 
og n : 
Gas, consumers must be constantly 2 = A eon ee 
reminded of how they can benefit by re Sete 
using gas-fired appliances .. . . before woes Ra 
as a ie Seene kee Reproduction of a 
they wil uy. trou pimarhe 3 col. x 13 inch ad. 
eceientien mentite Cima appearing in local 
; P-G:SE: newspapers during 
Therefore, this Company, by con- 5 ered meal at Gainer, 


PACIFIC GAS AND ELECTRIC COMPANY 


P.G-E: 


Owned - Operated - Managed 
by Californians - 
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Safety 
First / 


For safety, under high-pressure high- 
temperature conditions, what comes to your 
mind first? STEEL AND WELDING 
of course! Modern conditions demand 
modern equipment. 


Steel pressure springs with welded connec- 
tions are made by Foxboro—for safety first 
and better results. These new steel springs 
give the long desired protection and make 
an actually better Recording Gauge. They 
will not fail in case of fire. ‘This makes 
steel springs indispensable on all inflamable 


OXBOR 


REG. U. S. PAT. OFF. 


THE COMPASS OF /NDUSTRY 
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For corrosion resistance too, steel pressure 
springs fill a long felt want. Exposed sur- 
faces are tinned and lacquered. Steel 
springs are the answer to production de- 
mands. 


Another advantage! Heat treated steel has 
a high elastic limit. The movement of the 
steel tube is always within its elastic and 
fatigue limits which means permanent 
accuracy and long life. On high pressure 
steam they stand up much longer. 


Foxboro Recording Gauges are made to 
stay accurate under rough service for many 
years. They are built and sold for perform- 
ance. 


For safety First and Better Results use Fox- 
boro Recording Gauges. 


Write for Bulletin 168-G. 


THE FOXBORO COMPANY 
Neponset Avenue, Foxboro, Mass., U. S. A. 


BRANCH OFFICES: Brancn OFrric: 


Portland, Ore Canada: Peacock Brothers, Lt 


New Yo rk 


Chicago Los Angeles Montreal 

Boston San Francisco fustralia: Alfred Snashal. Lt 

Philadelphia Salt Lake ¢ ity Sydney and Melbourt 

Detroit Atlanta England: Walker-Crosweller & 

Pittsburg Tulsa Co., London 

Cleveland Dallas rs The Edw. J. Nell (¢ 
Rochester, N. Y. Ltd.. Manila 


INSTRUMENTS for CONTROLLING, RECORDING and INDICATING TEMPERATURE, FLOW, HUMIDITY and PRESS 
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Gas Service Expands 


Since the beginning of 1929 the Portland Gas & Coke 


Company has made its greatest single extensions of service. 


Gas service now reaches from Portland down into the 
Willamette valley to the south, a valley which nature richly 
endowed with abundant and diversified resources and a 
wealth of scenic beauty. 
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Since the end of the year 1928 almost two hundred miles 
have been added to the total mileage of mains. 


Gas sales for the year ended June 30, 1930, were 3,985.- 
463,000 cubic feet. 


There are 3,498 stockholders within the territory served, 
who own 39,920 shares of preferred stock, representing 
an investment of almost $4,000,000. These stockholders 


own 73 per cent of all preferred stock outstanding. 


Total taxes paid in 1929 were $452,417.47 or 10 per cent 


of the gross revenue. 


PORTLAND GAS & COKE COMPANY 


Public Service Building Portland, Oregon 


Anngd@ncing 


Automatically 
calculates to 4 oz. 
base pressure. 


| 
5 
™ 


Be 
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Eliminates 
chart calculations. 


Adaptable 


to any make 
iron case meter. 


| 


9 
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. ‘s a ee a an a 


Important: 
To assure prompt ship- 
ment place orders 

at once. 


EMCON 
REGULATORS 


PirtspurGH EouiraBLteE Meter Company 


Main Office and Works—Pittsburgh, Pa. 


New York City Tulsa, Okla. Columbia, S. C. Seattle, Wash. 
Chicago, III. Dallas, Texas Sale Lake City Houston, Texas 
Los Angeles, Calif. Kansas City, Mo. 
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Welcome, P. C. G. A. 


to Pasadena! You are invited to visit our new Pasadena District office, as well as 
other parts of our organization, and make full use of any facilities they may have 
to make your visit more pleasurable and profitable. 


LOS ANGELES GAS AND ELECTRIC CORPORATION 


September, 1930 


PREDETERMIN 
PERFORMANC 


As a big percentage of your 
pipe line jobs in the cities and 
suburbs must be laid in close, 
confined areas, efhciency and 
economy demand that you have 
a trencher of maximum com- 
pactness, 

The Cleveland Baby Digger 
is only 58 inches wide, 19 feet 


8 inches long, and 8 feet, 2 
inches high. Visualize what 
this compactness means when 


your line of trench must pass 
close to trees, buildings, poles, 
etc., or along the edge of high- 
ways, or down narrow alleys. 
Then you will understand why 
the Baby Digger delivers maxi- 
mum performance. 


In order to assure greatest 
utility, in gas trench digging, 
a trencher must be adapted for 
quick economical transportation. 


The Cleveland Baby Digger, 
carrying no excess. tonnage, 
weighing but 4 tons, is easily 
and quickly moved at_ truck 
speed, from location to location, 
on its own specially built trailer 
(loading or unloading time 
less than five minutes). 


Think what this means in 
the saving of unproductive 
time, and how it assures all 
the advantages of machine 
digging on the many short 


extensions. 


withstand the 
constant shock and strain of 
digging and power to guar- 
antee steady, uninterrupted op- 
eration are unquestioned neces- 
sities. 


Strength to 


For this reason the Cleveland 
Baby Digger has been precision- 
constructed throughout of the 
finest steels obtainable. It is 
amply powered to dig through 
the toughest and hardest soils, 
and is thoroughly equipped with 
anti-friction bearings,  alloy- 
steel shafting and enclosed re- 
duction units. 


Efficiency, simplicity, sturdi- 
ness are its outstanding features. 


A variety of speeds, con- 
trolled by the touch of a 
are at the command of the 
operator of the Baby Digger. 

This wide range 
assures you that tvpe 
of digging there is a speed at 


lever. 


of speeds 


tor every 


which the Baby Digger will 
operate at maximum efhciency. 
Because of its rugged con- 


struction, wheel-type digging 
mechanism, and _ anti-friction 
design, this machine is capable 
of sustained, dependable, high 
speeds. 

Write today for catalog No. 
10 giving full information and 
specifications. 


This compactness, mobility, strength, power, speed and general construction of the Baby Digger predetermine for the user a 


20100 St. Clair Ave. 


high daily trench footage, and satisfactory economical 


THE CLEVELAND IRENCHER COMPANY 


“Pioneers of the Small Trencher’’ 


Distributed by 
Edward R. Bacon Company, San Francisco, Calif. 


performance. 


Cleveland. Ohio 


Frank T. Hickey Company, Los Angeles, Calif. 


e CLEVELAND 


BABY DIGGER 
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BRAUN ABSORPTION PLANTS 
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Here is part of the BRAUN apparatus in a Western absorp- 
tion plant, the World’s largest producer of natural gasoline. 
The BRAUN Organization continues to lead in the design 
and manufacture of Natural Gasoline plants. It points with 
pride to the almost countless installations in continuous ope 
eration throughout the world. 


An early BRAUN absorption plant photographed 


Ye sterda VY cco 
when the Natural Gasoline industry was emerging 
from its perambulator days. Crude, no doubt, to 
the modern eye but in its day a new departure ab . TT cP gé AW 
.. . composed of scientifically designed, compact, au nm 
efficient apparatus. 


Users of BRAUN apparatus appreciate that the 
quality of their equipment insures freedom 
from shutdown. They know that extra strength, 
dependability, efficiency and ease of mainte- 
nance are built-in features of BRAUN appa- 


ratus ... and at lower first cost. 


C-F-BRAUN &- CO.,LTD. 


Manufacturers and Constructors 
ALHAMBRA CALIFORNIA 


NEW YORK HOUSTON 
320 Esperson 


Exchange National Bank Bldg. 
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ACCESSIBLE/ 


HE hours on the load are 

the “pay time” of a com- 
pressor unit. There are two 
reasons why a Type-80 keeps 
this pay time right up to the 
maximum. First, it is built 
to stay on the load, and 
second, to get back on the 
load in record time. 


COOPER~=BESSEMER 


The Cooper-Bessemer Corporation - MtVernon, Ohio-Grove City, Pa. 


You’re Always Safe in 
Choosing a Cooper-Bessemer 
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—~ STOPPERS SINCE 1897 — 


TYPE “C” CANVAS- 
COVERED GAS 
MAIN BAGS 


For use in mains coated with 
tar or oil or wherever a plain 


rubber will not hold. 
SIZES 2” to 48” 


DEPENDABLE GAS 
MAIN BAGS 


Made in three types: 


Light—Type “‘A”’ 
Medium—tType *‘B" 
Extra Heavy—Type “‘D”’ 


We advise the use of a gauge 

showing the internal pressure 

in the bag. It prevents over- 

inflation and shows that the 
bag is holding. 


HOW TO USE THE GOODMAN STOPPER 


ENGAGE ZHANDLE INTAPPING @ \/ 
PULL LONG HANDLE TO YOU J 


LOWER LOCKING SLEEVE y 
AND LOCK IN PLACE / . 
LIKE THIS J ; 


= 


WHEN LOCKED IN PLACE IT HOLDS 


Takes only 30 seconds 


Patented Locking Sleeve 
Holds Stopper firmly in place. 


GAS SAMPLING 
BAGS 


On trial if you wish 


GOODMAN CYLINDRICAL | 
STOPPER FOR INTER- 
MEDIATE PRESSURE | 


To place and inflate requires less 
than one minute.” ~°** 


‘3S OODMAN 


Patented 
Increased Length for Increased 


Pressure 


AIR-LINE MASK 


With or without blower. Heavy 
harness and life-line if needed. 


SPRING-HEEL PLUG 


SPRING HEEL 
PLUG 


PATENTED 


Type No. 6 for right angle 
fittings. 


Type No. 7 for 45° fittings. 
Other Plugs for Various Uses 


523 Atlantic Ave. 


Safety Gas Main 


Cable Address 


Pacific Coast Representative—C. B. Babcock Co., 135 Bluxome St., San Francisco, California. 


we. Stopper Company 


Gastopper, N. Y. 


Brooklyn, N. Y. 


September, 
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feature laying of high pressure 
Gas Line actoss Hudson River 


NTERESTING and unusual construction meth- 
ods were used in laying this high pressure gas 
line across the Hudson River between Beacon and 
Newburgh, New York, for the Central Hudson Gas 
& Electric Corporation. 


The 8-inch extra strong pipe in 40-foot lengths 
was butt-welded together and handled in 80-foot 
units. These units were connected by a specially 
designed joint developed by T. A. Corby, Central 
Hudson Gas & Electric Corporation, and patent 
applied for. It consists of a butt-weld joint re- 
inforced by a short sleeve of 9-inch standard pipe 
fitted over the joint and welded to the pipe at both 
ends. Each sleeve was tapped with a 14-inch hole 
through which compressed nitrogen was admitted 
to the %-inch space between the pipe and sleeve at 
350 lbs. pressure per square inch, as a test on each 
joint. This test was in addition to the regular test 
on the whole line. 


Pontoons were used at 40 foot spacings to lessen 
strain on the pipe as it was lowered into the water. 
All pipe was given one coat of primer solution and 
one of enamel. 


Despite storms, tides, rough water and heavy 
river traffic—6,520 feet of NATIONAL Pipe were 
laid in eleven days and seven hours! Another diffi- 
cult river crossing added to the long list of con- 


quests that have made NATIONAL— 
America’s Standard Wrought Pipe 


NATIONAL TUBE COMPANY : Pittsburgh, Pa. 
Subsidiary of United States Steel Corporation 


Page 34 WESTERN GAS 


eliance Regulators 


We hope that all visitors to the Pasadena Con- 
vention, who are at all interested in gas dis- 
tribution, will avail themselves of the oppor- 
tunity of visiting our plant, (only ten minutes 
from the Huntington Hotel). 


A full line of apparatus for regulation of man- 
ufactured — natural — propane — butane and 
bottled gas will be on display, both at the 
plant and at the distribution exhibit in 
Pasadena. 


We particularly want to show you a new house 
type Reliance. 


Reliance Manufacturing Company 
1000 Meridian Ave., Alhambra, Cal. 


Isbell-Porter Co., Newark, N. J.; 
Westcott & Greis, Inc., Tulsa, Okla.; 
Dallas, Texas; Houston, Texas; 
Birmingham, Ala.; N. W. Gas & 
Electric Equipment Co., Portland, Ore. 
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GELS 


a — |: 2 . At left—One of the build- 
ings devoted to the weld- 
ing of double length line 
pipe, 44 to 50 ft. long. 


Chester Double Lengths 
Never Leak and Never Break Under Severest Tests 


These pieces welded in double lengths were subjected to the following extreme tests: 

The pieces were dropped several times from height of railroad car upon a rail. These 
tests in no way fractured or injured the weld. 

The pieces were then anchored near the gas weld and a chain attached to a locomotive 
was secured near the end of the pipe. The locomotive pulled on the pipe distorting it as 
shown in the photograph near weld as indicated by arrow. The weld remained intact and 
gave no indication of failure. 

No double length pipe can be stronger than Chester Double Length Pipe. The field 
test of the long 10-inch line from which these pieces were selected at random did not 
develop a single leak in the weld. 

The careful inspection, crushing tests and final hydrostatic test after welding into double 
lengths insure 100% satisfaction in service. 

Chester also makes all classes of genuine Wrought Iron Tubular Goods. 


South Chester Tube Company 
Chester, Pa. 


District Sales Managers: District Offices: 
J. P. Cooney H. A. Morse J. D. Swartz, 1231 S. Evanston St., Tulsa, Oklahoma 
715-716 A. G. Bartlett Bldg., 30 Church Street, H. S. Chancey, 2218 Mills St., Houston, Texas 
Los Angeles, Cal. New York City E. L. Moseley, 3114 Tenth Street, Wichita Falls, Texas 
W. E. G'bson J. P. Steele 
801 Columbia Bank Bldg., 305 Petroleum Bldg., DISTRICT WAREHOUSES: 
Pittsburgh, Pa. Fort Worth, Texas Houston, Texas; Thenard, Calif.; San Francisco, Calif. 
Dstributors: 
Prichard Supply Co., Petroleum Supply Co., Pelican Well Tool & Supply Co., Great Northern Tool & Supply Co., 
Mannington, W. Va. Houston, Texas, Norphlet, Ark. Shreveport, La. Billings and Kevin, Mont. 
Mather and Waynesburg, Pa. 4 Kemmerer and Cody, Wyo. 
er Supply Co., : : : United Pipe & Supply Co., 
LeValley, McLeod, Kinkaid Co., Fort Wonk. Cross Plains, Breck- Valtes OS enn retin A oo, Charleston, W. Va.; Danville, 
Inc. enridge, Iraan, Wink, Forsan 712 A. G. Bartlett &- W. Va.; West Hamlin, W. Va.; 
Elmira and Olean, N. Y. and Odessa, Texas Los Angeles, Calif. Painstville, fotmand, — 
Prestonburg, 


CHESTER 


STEEL 3 


LINE 


wn) CASING 


DRILLING 


PIPE 
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Meeting the Modern Irend 


1 


Panel Ress 


Installations 


gg 


Above: Panel Board group- 
ing of twenty-seven Bris- 
tol’s Recorders. 


At left: Close-up of cen- 
tral panel showing group 


of gauges. Also included 
is Bristol's Gaugeboard 
lock. 


ments carry the usual 
Bristol's guarantee 
against mechanical 
defects. 


ITH the present trend routine inspection, etc. 


Have Bristol's Service : 
toward centralized (Case construction is dust- Engineers explain in greater 


control, eesicomaags panels proof, fume proof and _ detail the increased effici- : 
reveal a decided tendency : 


to “dress up.’ The modern 
board embodies not alone 


moisture-_ ency and savings attendant 
proof. Single with correct instrument ap- 
or multiple plication. There's no obli- 
pens can be _ gation. : 
furnished to : 
suit installa- 


mechanical efficiency and 


convenience, but also a 
nicety of arrangement 


which invites the most criti- Yion. condi- 


cal inspection. Side view of tions. The in- 


The Bristol Company 


Bristol’s 2— Pen . 
Recording Gauge verted ovis Waterbury Connecticut 
en ~ oS d Model 43, which p 
n line with this tendency helen satin’ of 
: : ; arranging instru- arm arrange- Branch Offices 
it is but natural that dis- = ment for fiush ieee edie 
' ' wo mounting. ment is stand- = yew Vork eieilsie 
cerning engineers in hun- = Philadelphia “eat 
dreds of plants are specify- ” Pittsburgh St. Louis 
: P : P y A d f 1] ° Birmingham San Francisco 
ing Bristol's Flush Type nd, of course, all instru- Chicago Los Angeles 


Recording Instruments. As 


shown in the accompanying 
illustrations, such _instru- 
ments present a clean-cut, 


attractive appearance—con- 


veniently accessible for Recordi ng Ins Cr umen ts 


reading, changing charts, 
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to increase 


GAS LINE 


efficiency use 


If you are measuring gas by orifice meter, the use of Robin- 
son Orifice Fittings assures many advantages which provide 
accurate metering at lowest cost. 
features: 

The orifice is always centered. This is one reason for Robin- 


Here are some Robinson 


wo of a number of Robinson Orifice Fittings installed on Kettleman 
Hills-San Francisco Gas Pipe Line. Note simplicity and accessibility 
of these fittings. 


ROBE 


2S eae Se 


? 


ORIFICE 
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GREETINGS AND 


BEST WISHES TO 


THE 3774 ANNUAL 


CONVENTION OF THE 


PAGTIFIC COAST 


GAS ASSOCIATION 


ROBINSON ORIFICE FITTINGS 


son accuracy in metering. The centered orifice elimi- 
nates errors often produced in old-style by-pass flanges. 
Gas cannot leak. There is no by-pass valve to stick 
open and leak, causing a big metering inaccuracy. All 
gas goes through the Robinson Orifice Fitting and is 
correctly measured. No hazard due to leakage. 

Plate changing is simplified. It’s easy to change Robin- 
son plates. Eliminates old, costly method of extracting 
plate from between two flanges that had to be carefully 
separated. Plates can be changed in from 3 to 15 
minutes. 

Frequent inspection is possible. Ease of plate removal 
and replacement permits and encourages frequent in- 


spection and micrometer checking of the _ orifice 
diameter. 
Occupies little space. The Robinson Orifice Fitting 


occupies no more space than an ordinary gate valve and 
an ordinary pressure gauge. Can be mounted in al- 
most any position. 

For the complete story of Robinson efficiency, write 
for latest catalog. Your copy is ready! 


ROBINSON ORIFICE FITTING CO. 
1435 Santa Fe Ave. 


Distributors: 


Los Angeles, Calif. 


The Foxboro Company-Foxboro, Mass. 
Chicago, Dallas, Houston, Lus Angeles, Pittsburgh, Tulsa 
Westcett & Greis, Inc. 
Dallas, Houston, Los Angeles, Tulsa 


English Distributor: Canadian Distributor: 


Walker, Crosweller & Company Peacock Brothers, Limited 
54-58 Queen Elizabeth St. Montreal—Calgary—Winnipeg 
London, S. E. No. 1 
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PAPICO ORIFICE METER 
ASSEMBLY 


Pat. No. 1631264 


ZZ 


This station has the foundation for accurate gas measurement— 
Orifice Meter Runs with a smooth internal surface and a uniform, 
definitely known diameter. 


Calibrated Pipe! Van Stone Laps! 


Micrometered discs, perfect gauge calibration, carefully checked tem- 
perature and gravity are necessary but NOT SUFFICIENT. 


Selected, smooth, micrometered flow tubes, with Van Stoned ends and 
standard-conforming Papico Flange Assembly, eliminate errors and 
save the dollars that flow un-measured through your pipe-line. 


Send for the Papico chart showing percent error in measurement when 
using flow tubes of varying diameter. 


Reduce that % error with Papico! 


Another Papico Acccmplishment 


PAPICO Indirect System 
NON-LIMING Water Heater 


A new and successful adaption of an old principle—lime-deposit elimination 
by indirect heating. Primary heating water cannot lime— it is never changed. 


Domestic water does not deposit scale— it is heated by hot water only. Result, 
a lime-free, long-life, high-efficiency water heater that stands up and operates 
indefinitely where others lime-up and quit in a hurry. 


Tell your liming-up troubles to Papico. Send for Papico folder explaining 
lime-free water-heating. 


Pacific Pipe & Supply Co. 
Los Angeles, Calif. 
1002 Santa Fe Avenue 
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CHRISTMAS TREE 
FITTINGS 


Manufactured by the Westcott Valve Company, East 
St. Louis, Ill, manufacturers of products for the Oil and 
Gas Industries exclusively. 


Full stocks carried in East St. Louis and all stores of the 
Continental Supply Co. 


WESTCOTT/ 


VALVES 
\ . VA — 
\ r yA ho 


ree 
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HYDRAUGER 


Patents pending 


The Machine: 


A new type of borer for pipe 
laying operations. Turned by 
compressed air, with borings re- 
moved by running water. Can 
be handled by two men. Made 
in sizes capable of making cuts 
up to 10” in diameter. 


The work it does: 


Cuts under highways, tracks or gardens, 
saving the expense of tunnelling or cut- 
ting up and replacing pavings or lawns. 
Cuts up to 142 feet have been made at 
speeds up to + feet per minute. 


The Hydrauger will be displayed “4 


operation during the Convention. 


The work it does not do: 


Use of the Hydrauger does not necessitate 
tearing up sidewalks, damaging paving and 
blocking highways to the detriment of impor- 
tant public relations. 


HYDRAUGER CORPORATION, LTD. 
1298 Bryant Street 


San Francisco 


September, 1930 


PABCO Multiple Protection 


At Left...Section of pipe being 
protected and wrapped by 
Pabco Pipe Covering Machine. 


Below... Section of Pacific Gas 
and Electric Co's natural gas 
pipe line just previous to in- 
stallation. Protected with Pab- 
co Primer, Fioatine and Pipe 
Covering. 


Below... How the wrapping of 
pipe inthe field is done by means 
of the Pabco Portable Pipe Cov- 
ering Machine. 


WATER-PROOF— 
ALKALI-PROOF— aba of its greater strength and flexibility 


and its continuous form, Pabco Pipe Covering 


ACID-PROOF-=— can be applied with a wrapping tension that gives 
PERMA N : N TI a permanent bond with the pipe. And as it is water- 
proof and proof against the acids and alkalies of 
the soil, it retains its life and elasticity. 
PA R C O For every type of pipe line Pabco Pipe Covering 
provides a permanent protection that is far supe- 
i ; a c rior to burlap, paper or other fabric. 


The Pabco Pipe Covering System is only one of the 
C OV a R | Ni G many Pabco contributions to methods and materials 
that make up Pabco Multiple Protection, a protective 
* service that extends to practically every phase of 
engineering and building construction. 


Pabco Multiple Protection — products, machinery 
and the free advisory service of our corps of engi- 
neers and chemists —may prove of greatest value 
in giving greater permanence to work vou now have 
in hand or in prospect. 


We suggest you consult our nearest local representative or write us. 


‘The PARAFFINE COMPANIES, INC. 


COPYRIGHT 1930 LOS ANGELES « OAKLAND . SAN FRANCISCO «+ PORTLAND « SEATTLE + KANSAS CITY PA-065 
SOMERVILLE, N. J. * NEW YORK CITY + LONDON, ENGLAND SYDNEY, AUSTRALIA 


Manufacturers of 
Pabco Multi-Service Paints, Varnishes, Lacquers and Enamels, Pabco Waterproofing Paints and Compounds, Mastipave, 
Pabco 10, 15 and 20 Year Roofs, Malthoid Membrane Dampcourse, Pabcobond and Other Products. 
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TLE LEE LEE LE A 


A 14” Naylor Pipe 
gas line, 40-foot 
lengths--laid in Texas. 


Pipe 
.Why it is the outstanding 
pipe for oil, water and gas 


O other pipe has the exclusive STRUCTURE Because of this construction... Naylor Pipe requires 
which gives Naylor Pipe its dependability no expansion joints of any kind. The spiral 

and adaptability. lock-seam truss acts as a continuous expansion 
joint, automatically relieving the stresses and 
strains ordinarily set up by changes in temperature. 


Naylor 


Naylor Pipe is made with an electrically welded 
spiral lock-seam truss, a construction which pro- 
vides maximum structural strength...minimum Moreover, Naylor Pipe is made of Toncan Iron 
weight...and automatic expansion and contrac- which is extremely resistant to rust and corrosion. 
tion throughout each joint. Consequently, Naylor Pipe has greater life. 


Because of this construction...Naylor Pipe is a Longer pipe life means fewer pipe renewals... 


structurally strong and dependable pressure pipe lower maintenance cost. (The Toncan!ron used 
yet it is 50% lighter in weight than standard i” Naylor Pipe is acid pickled to remove all Mill 
scale, thus avoiding galvanic corrosion often 


weight wrought pipe. Light weight pipe, since 
caused by this scale.) 


it is easy to transport and to handle in difficult 
places, lowers your haulage, unloading, stringing, On your oil, water and gas lines, use the most 
coupling and laying costs. outstanding oil country pipe... USE Naylor Pipe. 


NAYLOR PIPE COMPANY, Main Office & Plant, 1230 E. 92nd St., CHICAGO 


SALES OFFICES 


3116 Chrysler Bids. New York @ Witherspoon Bids. Philadelphia @ 507 Philtower Bids. Tulsa @ 2301 Commerce St. Houston @ 402 Petroleum Bidg. Ft. Worth 
MONTREAL, CANADA: Mechanical Equipment Company, 660 St. Catherine St., West 


CHAMPION @ BARBER, Inc. & 
506 Subway Terminal Building T Y. 


Los Angeles, California ‘To ye rc i IN’ 
400”. Endsmadeto Maximum Structural Stren possesses a superior 


TI COPPER Pi 
meumeanin anes. rT Mo- lyb- den: ‘um With Minimum Weight pO 


ards for all types of making itthe favored 
coupling. N NON pipe material. 


Where corrosion is not a problem, Naylor Pipe can be furnished in steel. 


Exclusive Distributors: 
California,Nevada&Arizona 
Standardized 
Naylor Pipe is made 
O. D. in any uniform 
length desired up to 


in sizes 6 to 12° 
1. D. and 14” to 20” 


all Tencan Copper 
Molybdenum Iron 
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Connersville Meters 
are Dependable 


see them at our 


Booth No. 16 
PF. GG A, 


Distribution 
Section Display 


THE CONNERSVILLE BLOWER CO., INC. 
(Division of The Stacey Engineering Co.) 


CONNERSVILLE 


Blowers~Gas Pumps~Meters ~Cycloidal Pumps ee 


Michigan Avenue at 16th 


CONNERSVILLE, INDIANA 


Se 20 North Wacker Drive 420 Lexington Avenue tt: oe 
my. Chicago, Illinois New York City Pirie” 


3 


cd 


Why Not Have Beauty With Protection? 


This ten million foot gas holder for natural gas of the of top lift and interior of crown were hand brushed with 
Pacific Gas & Electric Company, Potrero Plant, is protected NO-OX-ID “E” during construction. 
with NO-OX-ID. The _ photograph The remaining exterior of the 


water, approximately 4” layer. This 
of NO-OX-ID. ing caused by drying up, and gradual 


shows clearly but does not exaggerate holder’s four lifts is coated with NO- 
the beautiful appearance of the sur- é 8 
face. 
Rust in large quantities accumu- 
lated on the lifts during construction. IRON: 
After treating with NO-OX-ID Water automatically treated and coated the 
The interior of water tank (bottom of holder), interior accumulations, and does not crack or chip. 


OX-ID Gas Holder Seal No. 1, as well 
as the corresponding interior parts, by 
Seal Compound, and within a ten day a idee oe . four lifts. 
period, this rust was removed down to The Original Rust Preventiv The use of NO-OX-ID eliminates all 
How can NO-OX-ID serve you? 
DEARBORN CHEMICAL COMPANY 


placing it in the water seals on the 
clean metal due to the chemical action unsightly appearances, such as mottl- 
Los Angeles, 807 Mateo St., Phone TRinity 3385 San Francisco, 252 Spear St., Phone Davenport 658 


Pipe Line Construction 


The master pipe line coating, NO-OX-ID con- § 774% , 
sists of a coat of “G” Special on pipe, NO-OX- 7 ; 
ID-IZED Wrapper and NO-OX-ID Service Coat @, 
over the wrapper. This has functioned 100% 
in every application. 
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ANNOUNCING R 
New Model 30 


33 After careful study as to the requirements for this 
type of installation, Reynolds Engineers designed 
Model 30 (offered in two sizes, No. 0, No. 1). 
Model 30 gives you certain accuracy, efficiency and 
dependability. 

Check these particular features of this Regulator: 
Vertical or horizontal installation; unit built in con- 
venient size for installation; capable of controlling 
inlet pressure of 300 lbs.; reducing to inches of 
water on outlet. Two sizes give: One unit (No. 0) 
for installation where gas volume required does not 
exceed 150 cu. ft. per hour. The other unit (No. 1) 
where gas volume required exceeds 150 cu. ft. per 
hour. This assures a greater accuracy at the proper 
cost. Toggle lever design and arrangement insures 
positive closing power at all times. This regulator 
is symmetrical in design, pleasing in appearance— 


furnished in duco or color as specified. 


Write Now for Details! 


Model 30 


Cross Sectional 


View 


FAN 


“EYNOLDS BRANCH OFFICE 
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EYNOLDS 


The above illustration shows Model 30 with attachments for 
use with bottled gas. The same regulator with regular pipe 4 
connections 1s available for either natural or artifical gas. 


REPRESENTATIVES 


Room 422 Dwight Building EASTERN SERVICE CO. F.E. NEWBERRY THOS. C. CORIN 


Kansas City, Mo. Boston, Mass. 


Avon, N. J. Detroit, Mich. 


REYNOLDS GAs REGULATOR Co. 
ANDERSON, INDIANA 


Recognized Gas Control Since 1892 
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F. H. Bivens, who closes his administration as President of the Pacific Coast Gas Association at 
the 3/th Annual Convention, to be held in Pasadena, California, September 9-12 


WESTERN 
— 


A Monthly Journal of the Gas and Gas 


Appliance Industries in Western America 


SAN FRANCISCO LOS ANGELES DALLAS 


Heed the Convention Call 


TRULY Southern California welcome awaits members and friends 
of the Pacific Coast Gas Association at the Hotel Huntington, Pasa- 
dena, September Yth to 12th, inclusive—the occasion of the Associa- 
tion's Thirty-seventh Annual Convention. Nothing that California hospital- 
ity can do, will be left undone to make this occasion memorable and outstand- 
ing in the history of the Association. 


For those long in the industry, the Convention 1s a post-graduate school 
wherein they polish up their own knowledge, and at the same time pass that 
knowledge on to the younger employees, eager and thirsty for information 
which members of the Old Guard have gained through years of experience. 
The younger contingent will find the Convention an important and vital pre- 
paratory course in gas utility operation and management. 


Interest and inspiration for both juniors and alumni will be provided by 
the Convention program this year. The general sessions, and the sessions of 
each of the Sections will maintain the high standards of excellence which 
have come to be associated with our organization's deliberations. 


The committee in charge of the Convention asks that I urge upon all the 
executives of the member companies, that attendance at the Convention by 
delegates from every asa? of the gas utility business will prove a profitable 
investment. The increased efficiency, the broadened view-point and inspira- 
tion which will result from the several business weetinns, and the friendly, 
informal contact with their fellows in the interim between sessions, will repay 
the time and expense involved in making a trip to Pasadena. 

Entertainment features will make your stay and that of the ladies as en- 
joyable as we know how to make it. But, after all, entertainment is not the 
object of these Conventions. We gather to talk over mutual problems, to dis- 
cuss ways and means for the improvement of our service, to analyze our 
progress up to the present, and to look into the future. 

The progress of the gas industry on the Pacific Coast is related closely to 
the accomplishments, the knowledge and inspiration gained through these 
Conventions. We can promise with assurance that those who attend the 1930 
Convention will return to their homes better equipped for the work in which 
they are engaged than they were before. 


F. H. BIVENS 
President, Pacific Coast Gas Association 


1929-1930 
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O.L. Moore 
General Chairman 
Convention Committee 
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J. Earl Jones 
General Chairman 
Commercial Section 


D. G. Martin 
General Chairman 
Accounting Section 
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Yj R.E. Fisher 
Vice-President, Pacific 
t Coast Gas Association 


Geo. L. Myers Wm. Moeller, Jr. 
General Chairman General Chairman 
Public Relations Technical Section 


37th PC.GA. CONVENTION PROGRAM 
Hotel Huntington—Pasadena—Sept. 9-10-II-I2 


RINGING the West Coast industry abreast of the develop- 

ments which have transpired in the past 12 months is no 

small task for one convention—but those in charge of the 
Pacific Coast Gas Association’s 37th annual meeting have accepted 
that responsibility. Butane service—the latest in distribution tech- 
nique and equipment—new load-building agencies—these and a 
score or more of equally urgent subjects are on the list for author- 
itative treatment at Pasadena during Convention dates—September 
9-12. Program facts are found below, arranged for convenient 
reference. 

Convention business and entertainment will run smoothly; the 
following executive committee has that detail well in hand: 

O. L. Moore, General Chairman; D. L. Scott, Program Chair- 
man; Geo. Campbell, Transportation Chairman; L. H. Dell, En- 
tertainment Chairman; W. M. Fisher, Editor Balloon Juice; J. C. 
Gilbert, Banquet Chairman; Wm. Maddock, Program Manager; 
N. R. McKee, Hotel Accommodations; C. H. Potter, Reception 
Chairman; W. M. Thompson, Golf Chairman; W. D. Thurber, 
Publicity Chairman; W. C. F. West, Registration Chairman; Mrs. 
F. H. Bivens, Hostess. 


GENERAL SESSIONS 


TUESDAY 
2:00 P.M.—Ball Room. 


Address of Welcome—R. L. Daugherty, Chairman 
Board of City Directors, City of Pasadena. 


Response—Addison B. Day, President and General 
Manager, Los Angeles Gas and Electric Corpora- 
tion. 


President's Address—F. H. Bivens, President, Pacific 
Coast Gas Association. 


Report of Board of Directors—Cliftord Johnstone, 
Managing Director, Pacific Coast Gas Association. 


Election of Officers. 


Amendment of Constitution and By-Laws. 


Address: “One Hundred Years of Gas Service—1852- 
1952.",—C. O. G. Miller, President, Pacific 


Lighting Corporation. 


Address: “Dynamics of the Gas Industry’’—Alexander 
Forward, Managing Director, American Gas Asso- 
Clation. 


8:00 P.M.—Crystal Room. 


Educattonal Motion Pictures. 


WEDNESDAY 
9:30 A.M.—Ball Room. 


_ Gas in the Home—Three-Minute Speaking Contest for 
Women Employees of Gas Companies. Snon- 
sored by Public Relations Section and conducted 


by Mildred Hinrichs Peers, Chairman of the 


Women’s Committee. 


Address: “Why the ‘Holding’ Company ?’—John A. 
Laing, Vice-Pres. and General Attorney, Portland 
Gas & Coke Company. 


Address: “Foundations for Load Building”—J. Charles 
Jordan, Assistant Manager Publicity Department, 
Pacific Gas and Electric Company. 


Address: ““Yaxation of Public Utilities’—A. A. Smith, 
Secretary and General Attorney, Eastern Oregon 
Light & Power Company. 


12:85: 7... 


Luncheon Program in Main Dining Room. Men’s 
Three-Minute Speaking Contest. Subject: “Gas 
in Industry.” 


THURSDAY . 
8:30 P.M.—Ball Room. 


Stunts Night Contest conducted by Public Relations 
Section. General theme: “Modernize with Gas.” 
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FRIDAY 
10:00 A.M.—Ball Room. 
Address: ‘Public Ownership and Political Manage-. 


ment’”—Geo. L. Myers, Assistant to President, 
Portland Gas & Coke Company. 


Address: “Extension of Gas Service Through the Use 
of Butane’—E. A. Olsen, Vice-President, Stand- 


ard Management and Operating Corporation, 


Address: ““The Indeterminate Permit’”—C. P. Cutten, 
Rate Attorney, Pacific Gas and Electric Company. 


Address: “Natural Gas Supply and Its Conservation” 
—Claude C. Brown, Gas and Electric Engineer, 
California Railroad Commission. 


Resolutions. 


ACCOUNTING SECTION 


WEDNESDAY 
2:00 P.M.—Dining Room A. 


Address of Chairman—D. G. Martin, Auditor, Pacific 
Gas and Electric Company. 


Classification of Accounts—C. H. Geiser, Chairman, 
Southern Counties Gas Company. 


*Fixed Capital Records—R. W. Baily, Chairman, 
Southern California Gas Company. 


THURSDAY 
9:00 A.M.—Dining Room A. 


*Purchasing and Stores Accounting—Geo. M. Riblet, 
San Diego Consolidated Gas & Electric Company. 


Statistical Reports—Geo. F. Portland 
Gas & Coke Company. 

*Customers' Deposits—O. L. Moore, Los Angeles Gas 
and Electric Corporation. 


Destruction of Records Schedules—A. T. Kelly, Pacific 
Gas and Electric Company. 


COMMERCIAL SECTION 


WEDNESDAY 
2:00 P.M.—Crystal Room. 


Address of Chairman—J. Earl Jones, Commercial 
Manager, Seattle Gas Company. 

REPORT OF DOMESTIC SALES COMMITTEE 
L. J. Brundige, Chairman, 
Pacific Gas and Electric Company. 


*Domestic Cooking—R. W. Coblentz, Washington 
Gas & Electric Company. 


*Domestic Water Heating—O. R. C. Grow, Southern 
Counties Gas Company. 

*House Heating—A. C. Miller, Pacific Gas and Elec- 
tric Company. 


Retail Merchandizing Relations—H. ‘T. Sherriff, 
Editor, Western Plumbing and Heating Journal. 


Mackenzie, 


*Gas Refrigeration—Geo, Smith, Chairman, Southern 
Counties Gas Company. 
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Architects and Contractors Manual—Frank Moon, 
Chairman, Los Angeles Gas and Electric Corpora- 
tion. 


Gas Appliance Ordinances—F. J. Schafer, Chairman, 
Southern California Gas Company. 


Advertising Committee—W. D. Thurber, Chairman, 
Southern Counties Gas Company. 
THURSDAY 
9:00 A.M.—Crystal Room. 


REPORT OF INDUSTRIAL SALES COMMITTEE 
Ray Trowbridge, Chairman, 
Seattle Gas Company. 


*Commercial Cooking—D. L. Leahy, Southern Coun- 
ties Gas Company. 


*The Production of Food Products—Geo. Heckler, 
Southern California Gas Company. 


*Non-Ferrous Metals—G. A. Thorp, Los Angeles Gas 
and Electric Corporation. 


*The Use of Gas in Electrical and Chemical Industries 
—Herbert Haas, Pacific Gas and Electric Com: 
pany. 

*Hotel Laundry Installations—A. O. Leech, Portland 
Gas & Coke Company. 

*Natural Gas Conversions—K. B. Anderson, Coast 
Counties Gas & Electric Company. 

*Gas Fired Boilers—C. A. Carlson, Pacific Gas and 
Electric Company. 


*Insulation of Gas Fired Furnaces—Guy Barker, Johns 
Manville, Inc. 


PUBLIC RELATIONS 


WEDNESDAY 
2:00 P.M.—Hutton Office. 
Report of Executive Committee—Geo. L. Myers, Chair- 
man, Portland Gas & Coke Company. 
“Modernize with Gas’—Presentation of Prize Win- 
ning Essay by Elizabeth Lawton, Los Angeles Gas 
and Electric Corporation. 
Customer Ownership—E. Closson Cox, Chairman, 
Southern Counties Gas Company. 
Women’s Committee—Mildred Hinrichs Peers, Chair- 
man, Pacific Gas and Electric Company. 
THURSDAY 
9:00 A.M.—Hutton Office. 


OUR PUBLIC RELATIONS—A SYMPOSIUM 

An Accounting Executive's Point of View—C. W. 
Platt, Secretary, Portland Gas & Coke Company. 

A Commercial Executive's Point of View—R. E. 
Fisher, Vice-President, Pacific Gas and Electric 
Company. 


An Operating Executive's Point of View—J. L. Stone, 
Vice-President and General Manager, Spokane 
Gas & Fuel Company. 


A Technical Executive's Point of View—H. L. Masser, 
Vice-Pres., Los Angeles Gas and Electric Corp. 


* Printed in current issue of Western Gas. 
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Report of Committee on Employees Relations with the 
Public—James F. Pollard, Chairman, Seattle Gas 
Company. 


The Political Situation Affecting Public Utilities— 
Geo. L. Myers, Assistant to the President, Port- 
land Gas & Coke Company. 


Report of Committee on Employees Relations with the 
Industry—James Lightbody, Chairman, British 
Columbia Electric Railway Co., Ltd. 


8:30 P.M.—Ball Room. 
Public Relations Stunts. 


TECHNICAL SECTION 


WEDNESDAY 
2:00 P.M.—Ball Room. 


Address of Chairman—Wnm. Moeller, Jr., Vice-Presi- 


dent, Southern California Gas Company. 
REPORT OF PRODUCTION COMMITTEE 
W. A. Bahr, Chairman, 


Pacific Gas and Electric Company. 


* Natural Gas Odorants—Lee Holtz, Southern Califor- 
nia Gas Company. 


*Organic Sulphur—V. H. Halstead, San Diego Con- 
solidated Gas & Electric Corporation. 


*Corrosion of Gas Plant Equipment—B. G. Dick, 
Portland Gas and Coke Company. 


*Reformed and Mixed Gas—Frank Wills and D. J. 
McCarthy, Pacific Gas and Electric Company. 


REPORT OF NATURAL GAS COMMITTEE 


M. R. Thompson, Chairman, 
Southern Counties Gas Company. 


*Compressor Stations—C, §. Pool, Ventura Fuel Com- 
pany. 


*Field Testing Large Volume Displacement Meters— 
B. G. Williams, Southern California Gas Com- 
pany. 
*T'ransmission Pipe Lines—B. M. Laulhere, Southern 
California Gas Company. 
*Butane—F. A. Hough, Southern Counties Gas Com- 
pany. 
THURSDAY 
9:00 A.M.—Ball Room. 
REPORT OF DISTRIBUTION COMMITTEE 
W. M. Henderson, Chairman, 
Los Angeles Gas and Electric Corporation. 
*Domestic Meters—Otto Goldkamp, San Diego Con- 
solidated Gas & Electric Company. 
*Governor and Regulator Capacities—F. H. Winslow, 
Southern Counties Gas Company. 
"Pipe Protection—F. §. Honberger, Southern Cali- 


tornia Gas Company. 


*Unaccounted-for Gas—C. A. Renz, Los Angeles Gas 


and Electric Corporation. 
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* Distribution System Design—N. L. Hoft, Los Angeles 
Gas and Electric Corporation. 


FRIDAY 

AN EXHIBITION OF LATEST PRACTICE IN 

DISTRIBUTION METHODS AND EQUIPMENT 

1:30 P.M.—At Pasadena Holder Station, Los Angeles 
Gas and Electric Corporation, 888 Fair Oaks 


Avenue, Pasadena. 


This exhibition is sponsored by the Distribution Com- 
mittee, W. M. Henderson, Chairman, and will be 
featured by demonstrations and entertainment. 
Transportation will be furnished, starting at 


1:30 P.M. 


ENTERTAINMENT 


TUESDAY 
3:30 P.M.—Ladies’ Reception and Tea—on lawn at Hotel 
Huntington. 


8:00 P.M.—Informal Dancing—Ball Room. 


WEDNESDAY 


9:30 or 11:00 A.M.—Leave Hotel Huntington for Ladies’ 
Luncheon and Bridge at Pacific Coast Club, Long 


Beach. 


12:15 P.M.—Luncheon at Hotel 
Three-Minute Speaking Contest. 


9:00 P.M.—Convention Ball—Ball Room. 


Huntington—Men’s 


THURSDAY 
11:40 A.M.—Buffet Luncheon at Huntington Swim- 
ming Pool. 

1:00 P.M.—Trip to Beach Carnival at Santa Monica. 


Including a sightseeing trip from the hotel to Santa Monica, 
bathing privileges and swimming contests at the Deau- 
ville Club, and admission to amusement concessions on 
the Ocean Park Pier. 


AFTERNOON—WMen’s Golf Tournament. 


A buffet luncheon will be served at the Annandale Country 
Club from noon to 1:30 P.M. for those who wish to 
get an early start. 


8:30 P.M.—Public Relations Stunts Night Contest, fol- 
lowed by dancing in the Ball Room. 

FRIDAY 

8:00 A.M.—Ham and Eqg Breakfast, at Swimming Pool. 

9:30 A.M.—Ladies’ Golf Tournament—Pasadena Coun- 
try Club. 

2:30 P.M.—Ladies’ Bridge—Hotel Huntington Lobby. 


Ladies who do not play golf have the choice of swimming in 
the hotel pool, tennis, or shopping in Pasadena. 


6:30 P.M.—Annual Banquet—Main Dining Room— 
followed by dancing in the Ball Room. 


James W. Foley (Journalist, Humorist, Poet, Philosopher)— 
Speaker of the Evening—‘Courage, Good Humor, and 
Common Sense.” 


* Printed in current issue of Western Gas. 
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RANDOM GLIMPSES FROM THE P. C. G. A. CONVENTION'S PICTURESQUE S$ 
1. Japanese Gardens, near Hotel Huntington Convention Headquarters. 2. Deauville Beach Club, where Convention beacl 
carnival will be held. 3. Pasadena City Hall, focal point in the community's beautiful Civic Center. 4. Scenic drive NG 
the Arroyo Seco, with Colorado Street Bridge in background. 5. On the Annandale Country Club course, wh 
6. The world-famed Huntington Library. 7. A night view of new Pasadena office, Los A Gas and 


golfers will meet. 
Electric Corporation, located in the Civic Center. 
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Convention 
Preview 


Hotel Huntington, Pasadena, Ca lif —Convention Headquarters 


Guide to Pre-printed Convention Papers and Reports 
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Fixed Capital Records* 


HIS year’s committee work takes up the study of two closely 

related basic subjects suggested for future consideration in 

last year’s report. These two subjects, namely, Job Construc- 
tion Cost Classification and Construction Job Analyses and Cost 
Reports, seem to be the logical subjects to be studied because of 
their importance in the production of a record of the utilities’ 
property which will meet all the requirements of an adequate Fixed 
Property Record. 

This report presents a method of ac- 
cumulating and analyzing basic charges 
for the costs of construction work so that 
these costs may be set up in a property 
record such as was presented in the re- 
port prepared by the Fixed Capital Rec- 
ords Committee in 1929. 

The first section attempts a Job Classi- 
fication which segregates material and 
labor by items of plant installed and 
other construction costs by “Kind of 
Cost.” 

The second section attempts a method 
of analyzing the costs of construction 
work in such a manner as to produce 
the total and unit costs of each item of 
plant. 

This committee presents the Job Classi- 
fication and sample Analyses as a pos- 
sible method of accumulating basic data 
on the cost of construction work in such a manner that a Fixed 
Property Record may be compiled, maintained and substantiated. 

It is recommended that the Association continue the study of 
the Fixed Capital Records subjects suggested for future consider- 
ation in last year’s report. 


YY 
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R. W. Baily 
Chairman 


JOB CONSTRUCTION COST CLASSIFICATION 


Necessity for Job Construction Cost Classification 


Before setting up an example of a Job Construction Cost Classifi- 
cation the necessity of such a classification should first be reviewed. 
In order to set up capital records by units of plant, it is necessary to 
have some method of accumulating the direct labor, direct mate- 
rial and other costs so that the cost of each unit of plant may be 
recorded separately even though there are many different units 
installed at the same time on the same job. It has been contended 
by some that the issuance of separate work orders for each unit 
of plant to be installed would accomplish this. Although this 
method would produce a separation of direct material and direct 
labor, it would, obviously, always leave some items (such as labor 
expense, field accounting, haulage, etc., which are general to a 
job or project), unallocated to any of the work orders. To demand 
and to accomplish the equitable spread of such job indirect costs 
for several work orders covering one job or project are not 
synonymous nor is the second the direct result of the first. To 
follow such a system of accounting is a good example of self- 
deceit. Therefore, it appears to be not only correct but easier to 
issue one work order to cover all work on a particular project and 
to accumulate the cost by units of plant through the use of a job 
constructed cost classification. Such a job classification provides 
sub-accounts (codes, affixes, etc.) for the accumulation of “direct 
costs” for each unit of plant (see 1929 P.C.G.A. Report) and for 
job indirect costs which must be allocated or prorated to the units 
of plant at completion of the job. It provides the data for making 
entries to the Property Record and, subsequently, the substantiation 
of entries to the Property Record. In addition to this primary and 
very Necessary purpose it permits the rendering of tentative reports 


Report of Committee: R. W. Baily, Chairman, So. Calif. Gas Co.; R. F. Allen, 
P. G. & E. Se. C. D. Cushman, L. A. G. & E. Corp.; C. S. Hall, San_Diego 
Cons. G. & E. Co.; Oakley Honey, So. Counties Gas Co.; H. Painter, Tucson 
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at the date of operation instead of the date of final completion and 
transfer, the obtaining of values for insurance when the units be- 
come operative and thus insurable property, the obtaining of proof 
of damages so frequenlty arising on construction work, the tem- 
porary use in “work in progress” or cost analysis statements for 
rate cases, and for any other purpose where the usual accounting 
transfer delay must be circumvented. Such a classification appears 
to be an absolute necessity on a replacement, moving or reconstruc- 
tion job where both capital and expense is involved. 

Such a job classification supplies a segregation and proof of costs 
which appear to be indispensable as a substantiating record of the 
Property Record entries. 

It will furnish cost data which may easily be used for valuation 
cost studies because the various charges are correctly split be- 
tween direct labor, direct material, and the various items of indi- 
rect and general construction costs. The usual criticism of con- 
struction records which are being used for valuation purposes is 
that the charges do not represent the physical conditions of con- 
struction and that a complete analysis and dissection of all charges 
must be made in order to eliminate indirect and general construc- 
tion costs which must be segregated and developed separately for 
application against inventory quantities and for purposes of proof. 


Selling the Job Classification 

In order to secure the successful operation of a job construction 
cost classification it is of paramount importance to sell the con- 
struction and operating forces on the need of such a classification. 
They must understand that there is use for the results. The ex- 
planation of the use may be accomplished by pointing out the 
additional advantages of cost reports compiled from charges ac- 
cumulated by a well planned job classification. Such cost reports 
furnish the basis for estimating future jobs and for comparison of 
costs of construction. The construction and operating forces, as 
well as the management, are frequently interested in obtaining an 
early report of the cost of construction work for comparative pur- 
poses. 

A job construction cost classification provides an easy means for 
the field men to properly split their charges by units of plant in- 
stalled because if correctly set up, a classification provides a 
“pocket” for each unit and particularly for those costs which they 
cannot split even by guess, the Job Indirect Costs. Charges made 
according to a job construction cost classification, when combined 
with field reports and/or inventories, will give a complete story 
of the job without resorting to the very unsatisfactory procedure of 
asking the construction and operating forces to recall what they 
installed or charged and how much of the total cost they now 
estimate should be allocated to each unit and to operating expense. 
To label the result “An Estimate” is an unwarranted dignity. 


Form and Use of Job Classification 

Before discussing the example of a Job Construction Cost Classi- 
fication, it is assumed that some system of work orders is used for 
authorizing construction work and that these work orders are num- 
bered. Each charge made to these work orders should be made by 
work order number with a sufhix number indicating one of the 
accounts of the job construction cost classification. This account 
number indicates the particular unit of plant or the group of 
indirect costs to which that charge is allocated. 

These suffixes or sub-accounts should be numbered by groups 
and should be in logical order so as to facilitate their use by 
the foremen, timekeepers, stores clerks, etc. For example, direct 
sub-accounts pipe lines 101 to 200, structures, grounds, etc., 201 
to 300, equipment 301 to 500, job indirects 701-800, etc. It will 
probably be unnecessary and also undesirable to use sub-accounts 
(as the job construction cost classification accounts are usually 
designated) on all construction work orders. In general, sub- 
accounts should be used only on large or complicated jobs, jobs 
for the installation of more than one unit of plant or jobs in- 
volving both capital and expense costs. Such as for example: 

1. Construction of 40 miles of 16-inch pipe line. 

2. Replacement of 2-inch and 4-inch pipe line with 4-inch 
and 6-inch pipe line. 
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3. Installation of 600 feet of 4-inch pipe line and 4-inch orifice 
meter set-up. 

4. Construction of new district office building. 

5. Building 20 feet by 30 feet, extension to present office and 
warehouse building, erection of oil house and installation of gaso- 
line pump and tank. 

6. Erection of 6 unit compressor station complete with 6-160 
H. P. Cooper engines, auxiliary equipment, cooling tower, plant 
piping, office building, and garage. 

The most satisfactory means of determining what work orders 
should have charges made by sub-accounts is to have some one, 
who is familiar with the necessity for the use of sub-accounts, 
indicate on each work order whether or not sub-accounts should 
be used in making charges to that work order. 

The job construction cost classification of accounts should and 
can be written to cover all types of construction engaged in by 
the company. This is possible because the “kinds of costs” are 
the same for all construction and were fully described in 1928 
and 1929 P. C. G. A. reports on this same subject. 


Direct Costs—Labor and Material. 

Indirect Costs—Tool Expense, Supply Expense, Haulage, 
Labor Expense, etc. 
General Construction Costs 

Legal, etc. 


The classification may be issued to the construction and operat- 
ing forces for use on jobs as the need arises or it may be used 
as the basis for issuing sub-accounts for use on particular con- 
struction jobs, the construction and operating forces receiving only 
that part of the classification which applies to the particular job 
under construction. 

The classification which has been attempted in this report does 
not provide for all of the possible construction activities which 
may be carried on by a member company, such as a combination 
electric and gas utility, but it does give a sufhcient number of 
examples of Direct sub-accounts which are the easiest to expand 
by the addition of different units to be installed and it gives a com- 
plete outline of indirect, general construction costs, and Operation 
and Maintenance Direct Costs. 

It is impossible to obtain accurate costs when some of the charges 
are incorrect and unreliable, therefore the responsibility for the 
correct use of the sub-accounts must be upon the construction and 
operating forces. The task of assigning accounts should be given 
to competent men on each job with sufficient authority to obtain 
whatever data is necessary so as to assign correct accounts. 

This assignment of accounts should be checked by the Accounting 
Department’s representative during the process of the job to see 
that the task is being properly performed. All questionable charges 
should be referred to the accounting department for decision at 
the time the charge occurs. This method should minimize errone- 
ous charges and should facilitate the preparation of cost reports 
at the completion of the job when the memories of those who have 
supervised the work frequently fails them in recalling the peculiar 
condition of the moment of difhculty. 

On the larger jobs justifying the use of a timekeeper and store- 
keeper or both, the task is of course simplified for the job foremen 
and more correct charges will probably be obtained. 


Administration, Engineering, 


Example of a Job Construction Cost Classification 


Direct Sub-Accounts 


Franchises: ‘This account should include amounts actually paid 
to a state or to a political sub-division thereof in consideration of 
franchises, the cost of the publication of the notice of grant, and 
the cost of publication of the ordinance; also include salaries and 
personal expenses of the agents procuring franchises, the cost of 
extra copies of ordirances, typing, notary fees, and other costs 
incurred in connection with procuring franchises. 


The franchise to which each item applies should be clearly in- 
dicated on each charge to this account. 


Miscellaneous Intangible Capital: This account should include 
the cost of patent rights, licenses, privileges and other intangible 
property not specifically provided for elsewhere. 


Land: This account should include the cost of acquiring land 
owned in fee or held for a limited period of more than one year; 
this includes the cost of registration and examination of title; 
conveyancer’s, notary’s and purchasing agent’s fees or salaries; 
taxes accrued to date of transfer of title; and the first cost of 
acquiring leaseholds. 


Rights of Way: This account should include the cost of ac- 
quiring rights of way which have lives in excess of one year; this 
includes the cost of locating rights of way, the cost of registration 
and examination of title; conveyancer’s, notary’s and purchasing 
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agent’s fees or salaries; also the cost of acquiring leaseholds for 
rights of way. 


Clearing Land and Rights of Way: This account should include 
the material and labor cost of clearing land and rights of way 
of obstructions, such as timber, brush, buildings, etc., which must 
be moved in order to clear the site before the work of installing 
pipelines, buildings or equipment can be executed. 

Credit to this account the value of material recovered from the 
obstructions removed and buildings or equipment capitalized. 


Permanent Roads, Trails and Bridges: This account should in- 
clude the material and labor cost of building permanent roads, 
trails and bridges—outside of company property—to be used in 
connection with future operation of plants or pipelines. 

Pipelines: ‘This account should include the material cost of 
pipe. 

This account should also include the labor cost of cutting pave- 
ment, trenching, lining, welding, painting, wrapping, coupling, 
boring, installing valves, fittings, and drips, testing, backfilling, 
puddling and levelling of the pipe line. 

On all jobs of sufficient size, so that an accurate segregation 
of labor may be kept, the labor should be segregated as follows: 


. Labor for cutting paving and trenching. 

. Labor for laying and lining. 

. Labor for welding and coupling. 

. Labor for painting and wrapping. 

. Labor for installing valves, drips and fittings. 
. Labor for testing. 

. Labor for backfilling, puddling and levelling. 

Discussion: When more than one size or type of line is installed, 
this account should be sub-divided in order to obtain the cost of 
each size or type of line separately. This also applies to all 
subsequent direct accounts of this classification. 

Protective pipe coatings and welding material have been included 
under the indirect sub-accounts and excluded under this sub- 
account because while it would be found satisfactory to include 
such items under a direct sub-account on straight installation jobs, 
this procedure would not be satisfactory on jobs covering the in- 
stallation of a combination of sizes, removing, reconditioning or 
relocating pipe lines or any combination of these types of con- 
struction. 

it must be remembered that this classification is prepared to cover 
the more complicated as well as the simpler type of jobs and 
hence must meet the requirements of the former. 


Valves, Drips and Fittings: This account should include the 
material cost of valves, drips, fittings and blow-offs and the labor 
cost of making up drips and blow-ofts. 

Discussion: These items could be included in the account with 
pipe and the cost shown, separately on the cost report. However, 
to have the cost of these items in a separate account will greatly 
facilitate the segregation of the costs for a report of the costs to 
the management and will facilitate the final analysis. Since the 
time required to prepare these cost reports is very important, 
it is believed these accounts should be set up with a view of making 
the preparation of these reports as easy as possible provided it 
does not unnecessarily complicate and increase the field accounting. 
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Manholes and Vaults: This account should include the material 
cost of lumber, rails, drains, covers, vents, reinforcing and con- 
crete materials, and the labor cost of excavating (when possible 
to segregate from trenching for the line) building forms, install- 
ing reinforcing, mixing and pouring concrete, setting rails, frames, 
covers and vents, and installing lumber where vaults are of wood. 


Railroad and Highway Crossings: This account should include 
the material cost of casing, lumber, asphalt, reinforcing, concrete 
material, etc., used in the construction of crossings (excluding 
main line pipe), and the labor cost of! excavating, boring (when 
possible to segregate from trenching for the pipeline), building 
forms, boxes, templets, filling box with concrete or asphalt, placing 
casings, filling with concrete, installing vents and cost of repairing 
the railroad right of way; also the charges of railroad company 
for services rendered in connection with the installation, such as 
inspection, supervision or labor charges. 


Abutments, Retaining Walls, Piers, Bridge and Suspension Sup- 
ports, and “A” Frames: This account should include the material 
cost of lumber, asphalt, concrete materials, piles, hangers, cable, 
anchors, etc., and the labor cost of excavating, shoring, building 
forms, mixing and pouring concrete, jetting and driving piles, 
placing hangers, supports, setting anchors, building “A” frames, etc. 


Meter and Regulator Set-Ups: This account should include the 
material and labor cost of meter and regulator set-ups on pipelines 
or measuring and regulating stations; including meters, meter 
tubes, orifice flanges and discs, regulators, differential recording 
gauges and all pipe, valves and fittings making up the meter or 
regulator set-up or measuring and regulating station. 
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Meter and Regulator Housings: This account should include the 
material and labor cost of the construction of housings for meters 
and regulators. 


Replacing Pavement Over Pipelines: This account should include 


the cost of replacing pavement cut in laying pipelines. 


Services: This account should include the material and labor 
cost of installing services from pipelines to consumers’ meters. 


Discussion: It is realized that the member companies make a 
practice of having the service work done by separate “Service 
Gangs”, but it has been found on large replacement jobs and on 
jobs for the installation of distribution system in new territory 
that the services work is performed simultaneously with the main 
work. ‘This sub-account has been included to provide a segrega- 
tion of the costs on such jobs. 


Replacing Pavement Over Services: This account should include 
the cost of replacing pavement cut in installing services. 


Consumers’ Meters and Regulators: ‘This account should in- 
clude the material and labor cost of installing consumers’ meters 
and regulators. 

Buildings 

Piling: This account should include the material cost ef wood 
piling and reinforcing material used in concrete piling, supporting 
either the building foundation or the equipment foundation within 
the building. 

Also include the labor cost of driving, jetting, and finishing wood 
or concrete piling. 

Discussion: It will be observed that no provision has been made 
for charging the cost of concreting to the above sub-account. This 
is due to the fact that on most construction jobs where buildings 
and equipment are installed concrete will be mixed and poured 
for several units of buildings, foundations and walls, equipment 
foundations, driveways, walks, etc., at the same time. For this 
reason a separate sub-account has been set up to which the cost 
of all concreting should be charged. At the end of the job the 
costs accumulated in this concreting sub-account should be spread 
over the various sub-accounts on the basis of the cubic vards of 
concrete in each item. Such a method greatly facilitates the field 
accounting for concreting work and also will give a more accurate 
cost of concrete work for each item. ‘The same method is sug- 
gested for handling the cost of forms for concrete, although this 
item should be spread over the various items of building or equip- 
ment on the basis of the square feet of form area. 

Excavation for Buildings: This account should include the mate- 
rial and labor cost of excavating and backfilling for buildings and 
for equipment within the building. 

Discussion: ‘This account is included in the classification as a 
separate account, because it is important to have the cost of ex- 
cavation for the building separate. The cost of excavation for 
equipment inside the buildings should be included in the cost re. 
port as part of the cost of installing the equipment and deducted 
from this account on the basis of the cubic yards of excavation 
for each item. 

The cost of excavation for equipment foundations outside the 
buildings should be charged to the account for the erection of such 
equipment. 

Reinforcing Steel: This account should include the material cost 
of reinforcing steel and the labor cost of cutting, bending, placing 
and tying re‘nforcing for concrete for any part of the building or 
for any equipment foundations within the building. 

Discussion: The cost of reinforcing used in equipme=.t founda- 
tions should be shown on the cost report as part of the cost of 
the equipment foundations. 

Building Foundation: ‘This account should include the material 
and labor cost of building foundations when built of material 
other than concrete. 

Erection of Building Superstructure: This account should in- 
clude the material and labor cost of erecting buildings, including 
structural steel, brick, galvanized iron, lumber, roofing, ridge roll, 
gutters, doors, windows, sash, plasterboard, floor plates, wooden 
grates, built-in cabinets, cupboards, counters, bins and _ lockers. 
This account should also include the material cost of anchor bolts, 
and the material and labor cost of floors when the floors are of 
material other than concrete. 

Discussion: The above account is broad and if a job were 
authorized for construction of a large ofhce building or a large 
warehouse or plant building, it might be desirable to sub-divide 
this account among several sub-divisions, such as for example: 


1. Structural Steel Work 8. Doors, Sash, Screen 
2. Brick Work and Glass 

3. Terra Cotta Work 9. Inside Wood Work 
4. Wood Frame Work 10. Exterior Painting 
5. Roofing 11. Interior Painting 
6. Sheet Metal Work 12. Floor Finish 

7. Lath and Plaster 13. Hardware 
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Plumbing: This account should include the material and labor 
cost of installing all plumbing fixtures and al water, gas, vent, 
air and sewer piping within the building walls. 

Discussion : Piping in the yard should be included in the account 
for Building Yard Piping except at compressor stations or manu- 
facturing plants where it will probably be necessary to include all 
piping under plant piping. (See 1929 P.C.G.A. Report, Station 
Piping. ) 

Building Fixed Fire Protection Equipment: This account should 
include the material and labor cost of installing fire protection 
water tanks in or on the building and all other fire fighting 
equipment and apparatus which is permanently attached to the 
building, including sprinkler systems, fire protection piping, 
hydrants, etc. 

Building Lighting: This account should include the material 
and labor cost of installing all electric lighting fixtures and electric 
light wiring inside or attached to or flooding the building, including 
conduit, wire, switches, plugs, lighting fixtures, insulators, etc. 

Elevators, Cranes and Hoists: This account should include the 
material and labor cost of installing elevators, cranes, and hoists 
which are permanently attached to or form a part of the build- 
ing. Include under this account the cost of all equipment, including 
tracks necessary for the operation of elevators, cranes and hoists. 

Improvements to Grounds, Preparation of Site, Leveling, Filling 
and Grading Grounds: This account should include the materia! 
and labor cost of the preparation of the site; such as leveling, 
filling and grading grounds. Clearing the site of timber, brush, 
buildings, etc., should be charged to “Clearing Land and Rights 
of Way.” Sand or dirt sold should be credited to Cost of Land. 

Trees, Lawns and Shrubbery: Charge to this account the 
material and labor cost of planting trees, lawns and shrubbery. 

Walks, Retaining Walls, Driveways and Curbings: This account 
should include the material and labor cost of building walks, retain- 
ing walls, curbing and driveways inside the property line when 
built of material other than concrete. When built of concrete 
charge to this account the cost of excavation and backfilling, also 
the cost of reinforcing steel and the labor for cutting, bending, 
placing and tying reinforcing steel. The cost of concreting should 
be charged to the “Concreting” account. 

Railroad Sidings, Tramways and Trestles: This account should 
include the material and labor cost of constructing railroad sid- 
ings, tramways and trestles. 

Docks and Waterfront Improvements: This account should in- 
clude the material and labor cost of constructing bulkheads and 
docks, including dredging, rip rap, concrete decks, backfill of 
bulkheads, etc. 

Building Yard Piping: This account should include the material 
and labor cost of water, gas, air, oil, sewer piping and fire lines 
inside the property line and outside of buildings at locations other 
than gas manufacturing plants and compressor stations. See the 
account for “Plant Equipment Piping” for plants. 

Light and Power Circuits: This account should include the 
material and labor cost of installing all light and power circuits 
other than light circuits inside the buildings, including poles, 
wire, cross arms, pins, hardware, insulators, conduit, switches, 
switchboards, etc. 

Cesspools or Septic Tanks: This account should include the 
material and labor cost of installing cesspools or septic tanks 
when these cesspools or septic tanks are of material other than 
concrete. (See Concreting Account.) 

Fences: This account should include the material and labor cost 
of constructing fences. 

Company Signs and Lettering: This account should include the 
material and labor cost of erecting permanent signs and outside 
bulletin boards regardless of their location with respect to the 
building or plant. Also the material and labor cost of lettering, 
such as the Company name on buildings or equipment. 

Flagpoles: This account should include the material and labor 
cost of erecting flagpoles regardless of their location with respect 
to the building or plant. 

Water Wells: This account should include the material and 
labor cost of drilling and casing water wells. 


Water Well Pumping Equipment: This account should include 
the material and labor cost of installing pumps, motors, pump 
shafts, air lifts, water and gauge piping, gauge levels and gauge 
valves, etc., for pumping water from water wells. 


Equipment 

Erection of Boilers: This account should include the material 
and labor cost of erecting boilers complete with framing, setting, 
grates, burners, stokers, stack, stack supports, platforms, railings, 
safety, blow-off and feed water valves; pressure gauges, water 
columns and operating devices. 
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Discussion: It will be noted that no provision is made for con- 
crete foundations. This is likewise true of all subsequent equipment 
sub-accounts. As _ previously mentioned under buildings, the cost 
of all concreting should be charged to the “Concreting” sub-account 
and distributed on a cubic yard basis to the various items of 
building and equipment foundations when the cost report of the 
job is compiled. 

GENERAL NOTE TO EQUIPMENT: In setting up a Job Construction 
Classification, the detail description of each sub-account should be 
complete. However, for the purpose of this representative classifi- 
cation, it seems unnecessary to give a detailed description under 
each of these equipment sub-accounts since the account title implies 
the detail which should be included under each item. 


Feed Water Heaters, 

Fuel Oil Heaters, 

Feed Water Filters, 

Steam Condensers. 

Pumps: This account should include the material and labor cost 
of installing pumps including foundation bolts, moving onto the 
foundation and driving motor if directly connected or mounted on 
the same base. 

Discussion: It will be noted that only one sub-account is provided 
for all pumps. The _ sub-accounts are purposely set up so that 
only one sub-account is provided for each type of equipment. This 
method makes the sub-accounts very flexible and more easily 
used in the field. When more than one size or type of pumps or 
other equipment are installed on any job, decimal numbers should 
be assigned to designate each size and type in order to obtain 
the cost of each separately. 


Tanks, 

Gas Generators, 

Wash Boxes, 

Scrubbers, 

Blowers, 

Gas Exhausters. 

Gas Compression Units: This account should include the ma- 
terial and labor cost of assembling and erecting main engines and 
compressors, including foundation bolts, moving on to the foun- 
dations, and testing; also including connecting belts between en- 
gines and compressors and all material furnished by the manu- 
facturer of the main engines and compressors, such as gasometers, 
valves, fittings, piping, etc. Also includes the cost of all guard 
rails and safety devices for this equipment. 


Auxiliary Engines, 

Air Compressors, 

Electric Motors, 

Electric Generators. 

Lubricating Oil Equipment: This account should include the 
material and labor cost of installing lubricating storage and reclaim- 
ing equipment including lubricating oil storage and measuring 
tanks, oil filters, oil heaters, oil purifiers (including motors when 
directly connected or mounted on the same base), etc. 


Miscellaneous Fixed Equipment: This account should include the 
material and labor cost of installing lathes, drill presses, pipe ma- 
chines, emery wheels, radial drills and similar fixed equipment 
including foundation bolts and driving motor if driving motor is 
directly connected or mounted on the same base with the machine 
driven. 

Line Shafting, Pulleys, Belts, Hangers, Etc.: This account should 
include the material and labor cost of installing all line shafting, 
pulleys, belts, hangers, clutches, shifting arms, etc., including all 
pulleys on the line shafting and all belts leading to and from 
these pulleys; also include all belts from the auxiliary engine to 
auxiliary equipment. 

Air Tank Foundations and Pits: This account should include the 
material and labor cost of installing air tank foundations and pits 
when made of material other than concrete. Also the cost of exca- 
vating and backfilling and the material cost of reinforcing steel, 
labor cost of cutting, bending, placing and tying same when rein- 
forcing steel is used in foundations and pits. (See “Concreting” 
Account. ) 


Installing Air Tanks: This account should include the material 
and labor cost of installing air tanks including the material cost 
of the tanks and the supports for the tanks other than the foun- 
dation. 

Heat Exchangers: This account should include the material and 
labor cost of installing heat exchangers except coils or heat ex- 
changers in the cooling pond or tower. 

Cooling Pond and Foundation for Cooling tower: This account 
should include the material and labor cost of excavation and back- 
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filling and also the material cost of reinforcing steel and the labor 
cost of cutting, bending, placing and tying same when reinforcing 
is used in foundation or pond. 


Erecting Cooling Tower: This account should include the ma- 
terial and labor cost of erecting cooling tower including trays 
and troughs at the top of the tower; also including the water 
distribution header at the top of the tower to first ell at the 
top of riser. 


Heat Exchangers in Cooling Tower and Pond: This account 
should include the material and labor cost of making up and in- 
stalling water heat exchangers in the cooling pond and tower, 
water heat exchangers in the cooling tower should be considered as 
extending from and including the first flange or union outside 
the tower where the coils enter the tower, to and including the 
first flange or union outside the tower where the coils leave the 
tower. 

This account should also include the labor and material cost 
of making up and installing gas heat exchangers in the cooling 
tower. Gas heat exchangers in the cooling tower should be con- 
sidered as including all gas piping and coils in the cooling tower 
or pond up to and including the first flange or union outside the 
tower on both the intake to and the discharge from the tower. 


Gas Storage Equipment: This account should include the ma- 
terial and labor cost of installing gas holders or high pressure 
storage tanks, including excavation, backfilling, reinforcing, struc- 
tural steel, steel tank or shell, guide frames, lifts, crown supports, 
stairways, ladders, railings, elevators, holder piping and fittings 
to and including the inlet and outlet valves and the initial fill 
of water or tar for sealing the holder. 

Concrete for foundations should be charged to the “Concreting 
Account.” 


Plant Equipment Piping: This account should include the ma- 
terial and labor cost of all equipment piping inside the property 
line, except gas and water coils in the cooling tower, also the 
labor and material cost of all building yard piping inside the 
property line and outside of the building walls. This includes all 
intake and discharge piping, fuel lines, meter ana regulator set 
ups, air intakes, gauge piping, oil and water lines, fire alarms 
and hydrants, drains, drips, vents, blow offs and sewer lines in- 
side the property line. Also include the cost of excavation and 
backfilling inside the property line when such work is done 
exclusively for laying pipe. Also include the cost of casing or 
boxes when pipelines inside the property line are installed in 
casings or boxes. 


Gage Boards, Gages, Water Columns, Pyrometers, etc.: This 
account should include the material and labor cost of installing 
gage boards, gages, thermometers, water columns, pryometers and 
other similar items located on the plant piping system. 


General Equipment 


Stores Fixed Equipment: This account should include the ma- 
terial and labor cost of installing equipment, especially provided 
for the purpose of receiving, shipping, handling and storing of 
materials and supplies, including platform scales, equipment racks, 
counters, shelving, bins, cranes, hoists, etc. 


Other General Equipment: This account should include the cost 
of furniture and fixtures, portable fire fighting equipment, large 
portable tools, automobiles, and construction equipment when pur- 
chased on the same work order with Plant Construction, etc. Do 
not include in this account the cost of operating automobiles, 
trucks and/or construction equipment. 


Operation, Maintenance and Retirement Direct Costs 


Dismantling Property to be Retired: This account should include 
the material and labor cost of dismantling old property. ‘This 
account should also include the labor and material cost of recon- 
ditioning reclaimed material and equipment. The hauling of 
reclaimed material or equipment to another job should be charged 
to the job receiving the material. 


Note: If in the case of a pipeline, the material retired is re- 
placed by a new line and if the new line is located in the same 
place as the old line, so that there is only one operation of excavat- 
ing and backfilling for both removing the old and installing the 
new lines, this account should be charged with only the cost of 
cutting, or unscrewing, removing and reconditioning the old line. 
The cost of excavating and backfilling should be charged to the 
appropriate direct sub-account for the installation of the new line. 
In general, any operation which must be performed for a new 
installation and is at the same time used for the removal of the 
property to be retired, should be charged to the appropriate 
account for the installation of the new property. 


Removing and Reinstalling Property: This account should in- 
clude the material and labor cost of dismantling old equipment or 
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buildings when this equipment or building is reinstalled or erected 
again on the same job. Also include the cost of moving the equip- 
ment or the building to the new location on the same job includ- 
ing the cost of again installing or erecting this same equipment 
or building. 


Temporary Construction to Maintain Service: This account 
should include the material and labor cost of maintaining service 
during the progress of construction when making additions and 
betterments. This should include the cost of erecting or installing, 
maintaining and removing structures, pipelines and equipment used 
temporarily for maintaining service during the progress of the 
job. All such material used for such temporary maintenance of 
service should be credited to this account at its salvage value when 
returned after removal from the temporary construction. 


Operation During Construction: This account should include 
all material and labor costs of operation of plants, stations, etc., 
during the construction period prior to acceptance for operation, 
unless it is desired to charge these expenses direct to Operating 
Expense Accounts. 


Material Reclaimed from Property Retired: Credit to this 
account the value of all material and equipment dismantled from 
property retired, regardless of the condition of the material or 
equipment. 


Expenditures to be Billed to Others: This account should in- 
clude the material and labor cost of all charges to be billed to 
others such as the cost of repairing construction equipment be- 
longing to a contractor, etc., where it is known in advance that 
the costs of such repairs, rebuilding, etc. are to be billed to others. 


Job Indirect Costs 


Job Engineering: This account should include the salaries or 
fees of engineers working on specific items whose work cannot 
be considered as a part of the general engineering staff and 
therefore correctly included in general construction costs. The 
salaries of company engineers should be included in the general 
construction costs of the company and should not be charged 
directly to this account unless part of the regular engineering 
staff such as the field engineers make out time slips and charge 
their time directly to the jobs or accounts on which they are work- 
ing. The salaries and expenses of engineers employed specifically 
for designing or laying out an entire project should be charged 
to this account if they are not part of the utility’s regular staff. 


Field General Foremen: This account should include the salary 
of the field general foreman, general supervisor or general in- 
spector in charge of the work on the job. The salaries of gang 


foremen or sub-foremen working on two or more items should 


be charged to the items on which their gangs are working. 


Field Accounting: This account should include the salaries of 
employees in the field who are recording and reporting time, 
material or progress, and the cost of office fixtures and supplies. 
Credit to this account at completion of the job, the salvage value 
of office fixtures and supplies. 


Tool Expense: This account should include the amount which is 
chargeable to the job for the use of tools from the general tool 
clearing account. 

Discussion: When the job is complete, it may be also desirable 
to deduct some allowance from contract costs for Tool Expense. 
Thus, it would be possible to spread Tool Expense equitably to all 
units installed on the job. 

The amount charged to jobs for tool expense should be pro- 
rated on the basis of direct labor from the general tool expense 
clearing account. The cost of all small tools purchased or built for 
or on the job also the cost of repairs to tools on the job should 
be charged to general tool expense account where such a method 
of accounting for tool expense is employed. 


Construction Equipment Expense: This account should include 
the cost of the operation of construction equipment owned by the 
company based on the hourly operation cost. Each charge to 
this account should indicate the account to which the cost applies. 
This account should also include the amount paid for rent and the 
operating cost of equipment used on the job which is not the 
property of the company. The labor of the men operating the 
machines or equipment should be charged to the appropriate 
account for the work performed. The cost of all repairs and 
operations such as gasoline, oil, etc. used on construction equip- 
ment belonging to the company should be charged to general con- 
struction equipment operating account and should not be charged 
to the job. 


Job Livestock Expense: This account should include the cost 
of hay, grain and supplies purchased for livestock used on the 
job. Also the purchase price or rental of livestock. Also the 
pay of stablemen and roustabouts employed for the care of stables, 
pens and livestock. Credit to this account the sale price of any 
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livestock when the purchase price has been originally charged 
to this account. 

Transportation of Men—Personal Expense Accounts: This ac- 
count should include the auto mileage of timekeepers and account- 
ants, field general foreman and his subordinates on the job; the 
mileage of trucks transporting men to and from the job including 
the truck driver’s pay; all other costs for the transportation 
of men and personal expense accounts of the men mentioned above. 
Credit to this account the payroll deductions for transportation 
of men providing this account is charged with the original trans- 
portation charge. 


Temporary Construction Required for Plant Construction, Power, 
Light, Watchman, etc.: This account should include the material 
and labor cost of erecting and dismantling or the rental of tem- 
porary buildings, such as material sheds, field office, camp build- 
ings, bunk houses, cook houses, garages, stock pens and stables 
including the equipment of such buildings; the cost of material 
and labor for building and operating and dismantling temporary 
sewer, water, telephone and power lines; the cost of material 
and labor for building temporary roads, trails, bridges, scaf- 
folds, danger signs and blockades; cost of removing the above 
temporary buildings and equipment on the same job. Also include 
the cost of heat, light, power, telephone service, water and ice on 
the job; also the salaries of watchman and water boys; also the 
cost of general clean-up at the time of completion of the job. Credit 
to this account the salvage value of all material recovered from tem- 
porary construction at the time of dismantling when the original 
cost of this construction has been included in this account. When 
moving temporary material and equipment from one job to an- 
other, the cost of dismantling should be charged to this account 
on the old job, but the cost of transportation to the new job 
should be charged to the new job. 


Operation of Cook House, Commissary, and Boarding House 
Expense: This account should include the cost of cookhouse pro- 
visions, livestock, cost of fuel for cooking, labor cost of preparing 
and serving meals. Include the cost of equipment for cookhouse 
and dining hall, such as stoves, pots, pans, dishes, tables, chairs, 
unless built at the same time as the erection of the cookhouse. 
Charge to this account the cost f.o.b. the camp of all merchandise 
intended for resale. Charge to this account the amount that is 
billed the company for a portion or all of the boarding house ex- 
pense. Credit to this account the payment of all meals served to 
employees or outsiders or deductions from payroll for boarding 
house meals or for items sold from the commissary. Credit to this 
account at the end of the job the salvage value of all material and 
equipment recovered providing this account is originally charged 
with this equipment . 

Haulage: This account should include the cost of transportation 
by trucks hauling material, tools and equipment to the jobs and 
hauling back to stores of returned material; hauling on the job 
from one location to another. Also charge to this account the pay 
of truck drivers and of men assisting in such hauling or men as- 
sisting in the stringing of pipe. Hauling of material, etc., from 
one job to another should be charged to the job receiving the ma- 
terial. Hauling back to stores of material reclaimed from dis- 
mantled property retired should also be charged to this account. 
Hauling to another job of material reclaimed from dismantled prop- 
erty should be charged to the job receiving the material. Auto- 
mobile freight should be charged to the freight account and allo- 
cated to material cost if it can be so allocated to individual items 
of material and equipment. If it cannot be allocated to individual 
items of material and equipment, it should be charged to haulage 
and prorated. 

Miscellaneous Installing Expense: This account should include 
all charges made on the job which increase the price of material! 
over the original invoice price but which do not appear on the 
invoice and cannot be specifically allocated to any particular mate- 
rial or equipment; also charge to this account the cost of repairs 
to public or private improvements such as culverts, bridges, curbs, 
driveways, fences, etc., when such costs are not the results of liti- 
gation. Replacing pavement over pipelines should be charged to 
the account for “Replacing Pavement.” Also charge to this account 
the cost of constructing permanent roads, trails, bridges, water 
lines, etc., where such items do not become the property of the 
Company. Also the cost of Surety Bonds and the cost of State, 
County or City Inspectors. 

Supply Expense: This account should include the cost of handl- 
ing supplies, material and equipment charged to the job from 
permanent stores. 


Freight: Charge to this account all freight and express charges 
for the transportation of material and equipment used on the job. 


Discussion: Each charge for freight should state clearly the 
material or equipment item to which it applies so that in preparing 
the cost report of the job, the freight may be allocated to the par- 
ticular item of material or equipment on which it applies and in- 
cluded in the cost report as part of the material cost of the item of 
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material or equipment. Material cost is defined in 1928 P.C.G.A. 
Report. Care should be exercised in segregating “Automobile 
Freight” from haulage. 

Protective Pipe Coatings on Pipelines: ‘This account should in- 
clude the material cost of all protective coatings used on pipelines. 

Discussion: Protective pipe coatings may be considered direct 
material and if a system for keeping accurate record of the use of 
protective coatings in the field can be provided, protective coatings 
should be allocated where used and not prorated. See discussion 
under “Pipelines.” 

Welding Materials Used on Pipelines: This account should in- 
clude the material cost of all welding materials used on pipelines. 


Miscellaneous Installing Material: ‘This account should include 
the material cost of such miscellaneous material as is necessary for 
the installation of physical units or is an inconspicuous part of 
them, the identity of which is lost in the installation and would not 
appear in physical inventory. This includes such items as alcohol, 
lead anchors, babbit, belt cement, belt dressing, brads, burlap, 
chalk, coal, emery cloth, felt, fire wood, fuses, screws, hair, belt 
lacing, lead, nails, jute, rags, tape, vaseline, yarn and approximately 
190 other similar items. 

DiscUssion: The use of such a miscellaneous material account 
has been much discussed and its necessity questioned. It has been 
argued that such miscellaneous material can be directly assigned 
to items of plant or equipment installed. However, experience 
shows that this idea of assigning miscellaneous material items to 
particular units of plant and equipment can only be accomplished 
within certain limits and that on all jobs where this idea is used 
there will be certain items left over which are not assigned to any 
particular unit of equipment or plant. It has also been argued 
that what is miscellaneous material on one job may be direct mate- 
rial on another job or this might be true of two different installa- 
tions on the same job. It is believed, however, that if the list of 
material included as miscellaneous installing material is limited to 
such items as listed above and is not unnecessarily expanded in 
order to eliminate the distribution or charging of small material 
items to specific units of plant or equipment that this argument 
will have very little basis and that the value of these material 
items when prorated on the cost report to various items of equip- 
ment or plant will be spread on an equitable basis. 

The most convincing argument for using a miscellaneous in- 
stalling material account on construction jobs is found in the dis- 
cussion of cost reports for appraisal or valuation purposes. 

When using cost reports for cost studies to price inventories, if 
these miscellaneous material items, which cannot be inventoried, 
are included with material items which can be inventoried either 
a great deal of time will have to be spent in estimating the cost 
of these items in comparison with the direct material cost or they 
will have to be excluded from the costs. There is a relation to 
the direct material. 

Obviously no costs should be excluded if they are legitimate. 
Therefore the sensible plan seems to be to set these miscellanous 
items up as a separate part of the cost of installation and thus 
facilitate the making of charges to the job, the compilation of cost 
reports of construction work and the use of these costs for pricing 
future inventories of property. 


General Construction Costs 


Administration, Superintendence, Engineering, Legal Expense and 
Injuries and Damages: In an operating company the accounting 
department should charge to this account the portion of General 
Management Expenses, Administration, Engineering, Legal Expense 
and Injuries and Damages properly chargeable to the job. 


Taxes During Construction: 'This account should include such 
taxes as are levied and paid on property belonging to the company 
while such property is under construction and prior to the period 
of operation of the plant. 


Interest During Construction: The accounting department 
should charge to this account interest during construction computed 
and set up on items of plant and equipment installed and capi- 
talized. 


Material in Suspense 


When a job store is kept, charge to this account all material 
delivered to the job store. 

As material is needed for use, the foreman or his authorized sub- 
foreman should present a job requisition to the job store, listing the 
material he is about to use and indicating the sub-account to which 
the material should be distributed. 

Material withdrawn from the job store for installation or use 
on the job should be credited to this sub-account and charged to the 
appropriate sub-account. 

Material remaining charged to this account at the close of the 
job should be credited to this account when returned to the general 
store. 
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No material should be left in this account after the completion 
of the job. 


Concreting 

This account should include the material cost of cement, sand 
and crushed rock and gravel, and the labor cost of mixing, pouring 
and finishing concrete. 

The value of cement sacks returned for credit should be credited 
to this account. 

Reinforcing should be charged direct to the account on which it 
it used. Note: All concrete may not be reinforced, hence it is 
necessary to obtain the segregation of reinforcing by charging it 
to that account on which it is used. 

A record should be kept of the number of sacks of cement used 
on each item and the cubic yards of concrete poured for each item 
of structures and/or equipment and reported to the accounting 
department upon completion of the job. 

This report should be used to distribute the cost of concreting 
accumulated in this account to the various items of structures or 
equipment on which concrete is used. 


Forms For Concrete 

This account should include the material and labor cost of 
building and stripping forms. 

Credit to this account the value of lumber recovered from forms 
for concrete, if the lumber is useful for other purposes. 

The accounting department should distribute the costs accumu- 
lated in this account to the various items of building and equip- 
ment on the basis of the square feet of surface formed for each 
item. 


CONSTRUCTION JOB ANALYSES AND COST REPORTS 
Uses for Job Analyses and Cost Reports 


The Job Analyses and Cost Reports are the substantiating rec- 
ords. If the charges are inspected at least the major errors will 
be eliminated. If they follow a well defined segregation of costs 
and system of analysis, they can be used for the several purposes 
as enumerated in the 1928 P.C.G.A. Fixed Capital Report. If the 
field reports are complete, the analyses are the point of association 
of the description with the money. They are a necessity if Retire- 
ments are to be properly made in the future. They are proof in 
Rate and Appraisal proceedings and they are invaluable in making 
valuations if the costs are logically segregated. ‘They provide the 
means of obtaining the insurable values on new additions and to 
shorten this enumeration, they are the working data for those who 
are charged with compilation and perpetuation of data and records 
on the properties of the utility. 

Whatever may be set forth here can only serve as an example 
of the final results of an analysis and cost report and is only an 
indication of the many details and problems that must be performed 
and solved. This report is not intended to be a substitute for 
trained and experienced personnel. 

The known problems are too numerous for the scope of this 
report and the unknown problems are best solved by training and 
experience. 


Work Order System 

The subject of Work Orders is a broad and complex subject 
worthy of a separate report, but since it is very closely related to 
the Job Analyses and Cost Reports, it appears to be necessary to 
bring to attention some of the important relations and requirements 
of a work order system. 

The work order system should require the charging of all capital 
to work orders and for analyzing these work orders before the 
charges are made to capital so as to check and prove the correct- 
ness of the charges and to identify the money with physical units 
purchased or installed. 

Work Orders are sometimes used only as authorizations for the 
construction work, all charges being made either directly to the 
various capital accounts or to a general account which is dis- 
tributed to the various capital accounts on the basis of memorandum 
reports of the construction work. The first of these methods would 
be very difhcult to use in setting up a property record as the cost 
cannot be easily assigned to particular descriptions for the Property 
Record. The second method always leaves a balance in the gen- 
eral account which cannot be assigned to any item of plant and is 
usually impossible of identification. 

Some types of construction work such as the installation of con- 
sumers’ meters, regulators and services may be charged to blanket 
work orders issued to cover such work for a period of one year. 
These can be transferred to capital and set up on the property 
record monthly and analyses and cost reports of such blankets can 
be made over longer periods. 

Since the property record cannot contain all the details of the 
capital, it can be considered as a “glorified index” to the details 
contained in the analyses and cost reports of the work orders. 
Therefore, all charges to or retirements from the property record 
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should be made through the medium of a work order and all detail 
concerning the charge or retirement should be found in the analysis 
of the work order. 


Work Orders to Be Analyzed 


In order to imsure correct descriptions, quantities and costs of 


each item which appears in the property record and to insure sufh- 
cient detail back of each item, ali work orders should be analyzed 
and some type of cost report should be made up for each work 
order regardless of the size of the work order or the type of work 
covered by it. 

One objection to analyzing all construction jobs before the 
charges are transferred to capital is that there is always a balance 
on the books representing operative property which has not been 
transferred to capital. This difficulty may be overcome by trans- 
ferring the estimated cost (taken from the best data available at 
the date of operation) to a separate capital account called “Oper- 
ative Property Undistributed” as soon as any item of plant or 
equipment becomes operative. When the analysis of the job is 
complete this account can be credited with the estimated costs 
originally set up and the actual costs charged to capital and set 
up on the property record. The transfers to operative capital at 
the date of operation may be made directly to the final capital 
accounts and corrected upon completion of the analysis and final 
cost report. However, this procedure would necessitate posting 
each item in the property record twice and might be very confus- 
ing in the subesquent use of the property record. 

The statement that all work orders should be analyzed and a cost 
report prepared as a part of each analysis, should not be under- 
stood to mean that the same type of cost report should be prepared 
for each job or that a cost report should be prepared for the 
management on each job, regardless of its size. In other words, 
a more elaborate cost report should be prepared for a job covering 
50 miles of 16-in. transmission line than for a job covering 150 
feet of 2-in. distribution line, but the same principle of analysis 
should be used in both cases and the costs in each work order 
should be equally accurate and reliable. 


Preliminary Cost Reports 


The management is usually interested in the cost of large jobs 
at the time they are completed. They are generally satisfied with 
costs which are reasonably accurate provided these costs can be 
provided while the job is still new and under their direct attention. 
Since there are usually a great many delayed charges to large 
jobs it is impossible to furnish the management with final costs 
within a short time after the completion of the work and it is 
therefore necessary to produce on large jobs what may be called 
“Preliminary Cost Reports.” These Preliminary Cost Reports may 
be easily prepared when a job construction cost classification is 
used in making charges because as soon as the reports of work 
performed on the job are complete the delayed charges can be de- 
termined. These delayed charges are usually material charges or 
contract installation costs. Prices may be substituted for the de- 
layed charges and the Preliminary Cost Report then produced in 
the same manner as a final cost report. 

Such Preliminary Cost Reports should be produced only on large 
jobs or upon request of the management as their main purpose is 
to supply the management with cost data in a short time after 
completion of construction on the jobs in which they are inter- 
ested. Cost reports on every job are not of interest and the man- 
agement should not be compelled to pass them along nor should 
money be spent in this manner, particularly when there is need 
for the effort elsewhere. 


Production of Comparative Averages 


The management is also interested in the average cost of small 
jobs and if small jobs such as for the installation of short distribu- 
tion main extensions, are analyzed and summarized uniformly in 
a consolidated cost report, there will be some use for the results. 
Such average cost reports may be produced by operating divisions, 
geographical locations or any other desirable sub-divisions and 
furnish very valuable information for comparative purposes or 
for costs to be used in estimating future work. Such average costs 
can also be extended to combining several large jobs of similar 
character and size and furnish valuable information for the man- 
agement and for the Construction Department. 


Division of Costs 


Before discussing the detailed procedure of analyzing construc- 
tion jobs and producing cost reports the division of costs and their 
importance should be reiterated. 

There are three general groups of construction costs: 

Direct Base Costs, 
Indirect Base Costs, 
General Construction Costs. 

These groups of costs are defined in detail in the Fixed Capital 

Records Committee’s Report of Undistributed Costs (P.C.G.A. 
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Proceedings, Vol. 18, P. 72) and therefore will not be so defined 
again. 

Briefly, Direct Base Costs include Direct Material and Direct 
Labor. 


Indirect Base Costs include Job Engineering, Job Supervision and 
Accounting, Tool Expense, Construction Equipment Expense, Job 
Livestock Expense, Labor Expense (Transportation of Men—Per- 
sonal Expenses, Temporary Construction required for Plant Con- 
struction, Power, Light, Watchman, Cookhouse, Commissary and 
Boarding House Expense), Haulage, Miscellaneous Installing Ex- 
pense, Supply Expense and Miscellaneous Installing Material. 

General Construction Costs include Administration, Engineering 
and Superintendence, Injuries and Damages During Construction, 
Legal Expense, Taxes During Construction and Interest During 
Construction. 


These groups of costs must be separated in all analyses and cost 
reports because the only group which can always be definitely 
allocated to units of plant is the Direct Base Costs. 


It is true that when only one item of plant or equipment is in- 
stalled on a job, all costs can be set up without any particular 
respect to groups and the total cost may be as correct as it would 
be if the costs were properly segregated by the various groups. 
However, such cost reports are of very little value for compara- 
tive purposes as they cannot be easily compared with other reports 
covering similar work and they are practically valueless for use in 
preparing cost studies covering the utilities’ activities unless the 
costs are analyzed and segregated. 

On large jobs, such as the erection of a gas generating plant, it 
is impossible to allocate all of the indirect base costs or general 
construction costs to units of plant or equipment and therefore 
these costs must be prorated to the various items on the basis of 
the Direct Base Costs. 


Examples of Job Analyses 


A discussion of the procedure for making job analyses could 
also include a discussion of such basic accounting records as Time 
Slips, Material Requisitions, Cash Voucher Purchases, Work Order 
Ledgers, Journal Voucher Entries and practically every subsidiary 
record of an accounting system. However, this is not necessary to 
those most interested in this report and would be wandering from 
the subject. 


For the same reason that a picture tells the quickest story in a 
more effective manner than a written description of the landscape, 
the Work Sheets, Summary and Cost Report of five different jobs 
is the method used here to describe a possible method of assigning 
the kinds of costs to the units of plant. Each of the jobs has a 
Cost Report and Cost Summary. The first job also has Cost De- 
tails showing each charge and credit by sub-accounts. The Cost 
Report is the basis for posting to the Property Record and for any 
of the several uses of such reports. The Summary brings together 
the Direct Labor and Material in totals by Units and permits the 
spreading by Units of Protective Coverings, Welding Materials, 
Labor and Material Indirects, General Construction Costs and 
the computation of Interest During Construction. The Detail 
sheets show each debit and credit by job sub-accounts for the 
Direct Base Costs, Indirect Base Costs and General Construction 
Costs. 

The first job example is a new large pipe line installation. The 
second is a pipe line replacement job. The third is a new small 
main extension to show the cost summary for a job covering the 
installation of a single unit of equipment as compared to the cost 
summary for jobs covering the installation of more than one unit 
of equipment. The fourth is a plant (compressor) installation 
from which, for the purpose of brevity, has been eliminated the 
smaller buildings and units of equipment which are normally 
included as part of such an installation. The fifth example shows 
a quarterly summary of a blanket work order covering the instal- 
lation of services. Such a Summary would also apply to meters. 
The bases used for spreading Indirects and probable questions 
are discussed after each example. 

WORK ORDER NO. 9826 COST REPORT 


— 


Work started 6-3-30. Completed 6-27-30. Placed in operation 6-25-30 
Work Authorized: 


The installation of 12,700 feet of 8-inch welded steel pipeline 
complete with an 8-inch orifice meter set-up and necessary valves 
and fittings along North Road to tie-in Compressor Plant No. 1 
with Apex Oil Co.’s 8-inch line on Lower Road. 

Line to be known as Line No. 17. Meter to be known as Meter 
No. 17-1. 


Work Performed: 
As authorized except length is 12,300 feet of 8-inch. 
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Cost Summary: Constructed by: 


General Interest Contract: Trenching and Backfilling by Underground Con- 
Acct. Const. During Total struction Co. 
No. Description Base Cost Cost Const. Cost Company Force: Stringing, Lining, Welding, Painting, Lowering 
36 612,300 ft. of 8-in. and all other work. 
Welded Pipe Line Pipe: 
No. 17 ........ neowevens $18,293.91 $1,663.32 $398.94 $20,346.17 All pipe used in the line 8-inch P.E. steel beveled ends, 22.36 
38 1 = 8-in. Single pounds per foot, furnished from the general store. 
Orme: Se eter Protective Coatings: 
Set-Up No. 17-1 398.06 22.68 8.42 429.16 . - Z : : — 
P Line painted in the field with “Arco Save-a-Line. 
ET CAPR ee tS AT $20,775.33 Line wrapped in the field with No. 8 treated wrapper. 
Beeld Bate Difficulties Encountered: ' 
Estimated C $21,000.00 Construction crew was called off the job on account of heavy rain, 
ee ge “id se nesencene tia me aR at. c- 20775 33 after which it was necessary to partly re-dig 4,000 feet of trench 
Ee ND. eoenccnsennpetarentianeentsnonamennieninins obs because of muck in flooded ditch. 
, Bored 27 f nder North Road and 25 feet under Lower Road. 
__ Difference $244.67 : dia | 
WORK ORDER NO. 9826 COST SUMMARY — DIRECT COSTS | 
| | DIRECT LABOR DIRECT MATERIAL | TOTAL DIRECT | 
Account | DESCRIPTION OF PROPERTY | Per Cent i | ay 
No. and OR | Unit of Direct Unit | Unit 
Segregation| WORK PERFORME D | Quantity | Unit Cost Cost Material Cost Cost Cost | Cost 
| | Inst. of 8 in. Welded Line No. 7 | | | | 
| Tt 5 Reena | 12319 | Ft. 11300.00 92 | 
| Valves, 8 in. Fig. 250 Ibs......... | 2 Ea. 200.00 100.00 | 
Fittings. ELS Se SE OR | | 125.00 
| 10 in. Pipe Valve Box with cover. | l 4.00 
| Labor for Trenching............ | 12300 Ft. 950.00 .08 
| Labor for Laying and Lining..... | 12300 Ft. 190.00 .02 
| Labor for Welding.............. | 12300 Ft. 990 . 00 .08 
| Labor for Painting and Wrapping 12300 Ft. 600.00 .05 
| Labor for Inst. Valves and 
| ERE ESF ay ae 50.00 
Labor for Testing.............. 12300 Ft. 18.00 
Labor for Backfilling............ 12300 Ft. 230.00 .02 
NE SEG Dy GE LD 12300 Ft. 3028 . 00 .25 26.04 11629 .00 95 14657 .00 1.19 
Inst. of Railroad Crossing of 12 in. x 
12 in. x 36 ft. Redwood Box 
EE EEE COT Oe 400 F. B. M 16.00 04 
Petrelastic Cement............. 1600 Lbs. 20.00 .O1 
i ee i de 36 Ft. 75.00 2.08 209 . 33 36.00 1.00 111.00 3.08 
Inst. of 10 in. Highway Casing....... 27 Ft. 42.00 1.56 141.41 29.70 1.10 71.70 2.66 
Inst. of 10 in. Highway Casing....... 28 Ft. 50.00 1.79 162.34 30.80 1.10 80.80 2.89 
Inst. of Concrete Manhole 6 ft. x 6 ft. 
x 6 ft. high, Walls 8 in., Top 10 in. 
Reinforcing Steel............... 50.00 
24 in. x 36 in. C. I. Frame and 
2 A rer ee 1 30.00 
8 in. Pipe Valve Box Covers. .... 2 2.50 1.25 
aE Bagg SOS 13.17 
then 66 cewkntbeos stawees 8 Yds. 20.00 2.50 
RS i ae ie Ried as 4 wih 4 Yds. 8.00 2.00 
il an wo aks entice id 32 Sacks 25.60 .80 
| ink ic We wuletioans.s 5.6 Cu. Yds. 105.00 18.75 70.34 149 .27 26.66 254 .27 45.41 
36 Total Cost of Line No. 17... | 3500.00 1874.77 15174.77 
J nst. of 8 in. Single Orifice Meter 
| Set-Up No. 17-1 
Meter Tube 8 in. Se. Pipe. ..... 36 Ft. 45.00 1.25 
| Valves, 8 in. Fig. 250 Ibs. O&S&Y 2 Each 230.00 115.00 
| | Flanges and Orifice Dise......... 20 .00 
Pressure Connections... ........ 16.00 
| | pos puedes keds son ct l Each 12.00 
| | I 45.00 13.93 323 .00 368 .00 
| — = = duiies - 
| | Total Cost of Job. .. 3345.00 12197.77 15542.77 
WORK ORDER NO. 9826 COST SUMMARY — INDIRECT COSTS 
LABOR INDIRECTS MATERIAL INDIRECTS 
Field 
Super- 
Constr. | Mise. vision Protec- | Misc. 
Account DESCRIPTION OF Equip- | Install- Total tive | Install- Total Total 
No. and PROPERTY OR Labor Tool Haul- ment ing jAccount-| Labor Supply | Welding} Pipe ing Material | Indirect 
Segregation WORK PERFORMED Expense! Expense} age Expense} Expense} ing Indirects | Expense} Material} Coatings} Material! Indirects Cost 
*4. 4% 6.6% | 9.9% “3 *1.5% | *2.3% 74.1% (**) |***11.6%| **.10% 
| Inst. of 8 in. Welded Line No. 17. 132. 25 199.15 | 301.44 15.50 45.85 68.80 762.99 482.41 | 460.00 |1314.47 11.68 | 2269.56 3031.55 
Railroad Crossing. ay 3.28 4.93 7.47 1.14 1.70 18.52 1.49 04 1.52 20.05 
27 ft. Highway Casing. Sever tec id 1.85 2.76 4.18 .64 95 10.36 1.23 .03 1.26 11.62 
7 ft. Highway Casing....... | 2.19 3.29 4.90 76 1.14 12.35 1.28 .03 1.31 13.66 
(: enenete i RE AI tg | 4.59 6.91 10.45 1.58 2.39 25 . 92 6.19 15 6.34 32.26 
Total Cost Line = ee | 144.13 | 217.04 | 228.52 15.50 49 .97 74.98 830.14 492.60 | 460.00 |1314.47 11.93 | 2279.00 3109.14 
Orifice Meter Set-Up............ | 1.97 2.96 4.48 .68 1.02 11.11 13.40 5.23 32 18.95 30.06 
Total Cost of Job.......... | 146.10 | 220.00 | 333.00} 15.50] 50.65} 76.00} 841.25 | 506.00 | 460.00 |1319.70 | 12.25 | 2297.95 | 3139.20. 


September, 1930 


WORK ORDER NO. 9826 COST SUMMARY — GENERAL COSTS AND GRAND 


General 
Construc tion 
‘ost 


1526.23 
37.3 


1663 32 
29 §8 


| | TOTAL _ | 
Account | DESCRIPTION OF PROPERTY _ BASE COS! 
No. and | OR Unit 

Segregation | WORK PERFORMED | Cost Cost 

| Pipe Line.... 3 | 17688. 55 1.44 

| Railroad Crossing. . . pak | 31.05 3. 62 

| First Highway Casing... | "33 32 3.09 

| Second Highway Casing pe 94.46 3.37 

| Concrete Manhole... ... ...| 286.53 51.17 

| BE or BE Te eieinctlnctmanianiti 

| _ Total Cost Line No. 17.. ...... | 18283.91 

| Orifice Meter Set-Up........... | 398.06 

‘ : | 

| Total Cost of Job. ... .. } 18681.97 | 


1686.00 


50 4% 


TNSTRUCTIONS FOR PRORATING 
* Percentage of Direct Labor $3345.00 
** Percentage of Direct Material 12197.77 
*** Percentage of Pipe Cost: 
Installation of 8 in. Welded Line $11300.00 
Installation of 8 in. Orifice Meter 45.00 


$11345.00 


WORK ORDER NO. 9826 COST DETAIL 


Reference 


Desc ription Labor Material Mise. Total 


6/71 


6/70 
60548 


6/70 
6/7 


6/70 


6/70 
6/70 


6/70 
60548 


Pipe-Sub-Acct. 101 


12349 ft.—-8 in. P. E. Pipe......... 11327 .50 
30 ft.—8 in. P. E. Pipe......... 27.50 Cr. 
12319 ft. I 11300.00 
Labor for Trenching Bub Aes 101.1 
UE Fie’ cei wna Ca Mahara 0 Oe 270.00 
Contract wee (U nde rground 


I Nat 680.00 


950 . 00 


Tot 
Labor for L wa te & Lining Sub-Acct. 101.2 


a 190.00 190 00 
Labor for Welding Sub-Acct. 101.3 
ia ta 990.00 990.00 


Labor for Painting and Wrapping 
Sub-Acct. 101.4 


ES Se a eens 600.00 600.00 
Installing Valves and Fittings 
Sub-Acct. 101.5 

is Te rs aa 50.00 50.00 - 
Labor for Testing Sub-Acct. 101.6 

| PEE a re 18.00 18.00 
Labor for Backfilling Sub-Acct. 101.7 

Pay Roll... PS haf ee ee eee 70.00 

Contract Labor ( Underground 

Se SER ety Se ag I 160.00 


Pea a pe ae 230.00 


11300 


Total Sub-Acct. 101...... 
Valves and Fittings Sub-Acct. 102 
Valves 
2-8 in. Fig. 250 lb. Valves... .. 200 
Fittings 
Machine ate tec RE RS eae geal 11 
es CR. go i ov sececns 
. 9 A Sr Ss ee oe ? 
1-2 in. x 6 in. T. B. E. Nipple...... 
14-8 in. x 15 in. Companion Flanges 45 
11-8 in. x 12 in. T. O. E. Nipples... 23 
1-8 in. x 16 in. T. B. E. Nipple..... 3.10 
3-8 in. Bull Plugs............. aos 15.30 
2-8 in. Style 40 Dresser 
Long 8 15.40 
2-8 in. 250 Ib. Fig. Tees. .... Ce 25.00 
cece wes 10.20 Cr. 
Machne Belts.......... 40 Cr. 
2-8 in. x 15 in. Companion Fl: anges. 6.40 Cr. 
1-8 in. Style 40 Dresser 
RO  dtascdeecdas ess eas 7.70 Cr. 
_, ES ii 125.00 
Valve Boxes and Covers 
1-10 in. Pipe Valve Box wita Cover. 4.00 4.00 
Total Sub-Acct. 102...... 329.00 329.00 
Concrete Manhole Sub-Acct. 105 
EE ae ee 105.00 105.00 
Reinforcing 
140 lb.-%% in. Floor Plate.......... 10.00 
750 Ib.-60 Ib. R. R. Iron........... 18.00 
900 lb.-1 in. Sq. Reinforcing Steel... 22.00 
REE ye ara ae ae 50.00 
1-24 in. x 36 in. C. I. Manhole 
Frame and Cover...............:. 30.00 30.00 
2-8 in. Pipe Valve Box Covers. .... 2.50 2.50 
8 Cu. Yds. Rock.......... 20.00 
4 Cu. Yds. Sand... 8.00 


40 Sacks Cement... ai . rsh 32.00 


Re feren nce 


TOTAL 
EXCLUSIVE OF 
—_—o INT TERE a Interest 
Unit During 
Cost Cost 
: 
19214.78 1.56 384 |. 
165.85 4 69 3. 
104.49 3.87 2 
119.66 4.27 | 2 3¢ 
339.45 | 60. 62 | 6 
19947.23. | 398..{ 
420 74 g 
20367 97 407: 


Allocated where used. 


Percentage of General Construction Costs to the Total Base Cost 


1686.00 4 
X 100= 9.03% 
18681 .97 


WORK ORDER NO. 9826 COST DETAIL 


Des anaes 


8 ica Comal —e . “= 40 Cr. 


32 Total Cement 
Total. . 


300 F.B.M. 1x6 O.P.S.I.S. Lumber 
150 F.B.M. 2x4 R.O.P. L umbe T 

50 F.B.M. 1x6 O.P.S8.LS. Lumber... 
40 F.B.M. 2x4 R.O.P. Lumber 


360 F.B.M. Total Form Lumber 


Total Sub-Aect. 105. 


Railroad Crossing Sub-Acct. 107.1 
Pay Roll a ae 
Weed Se umber C 0. 
5 F.B.M. 2x4 Rwd.... 
300 BM: 2x12 Rwd. 


Construction 


aj ej ej =] 


mS 


TI T sy 


(Continued ) 


Material Mise 


25.60 


705 F.B.M. Re. Rwd. 0 Cr 
400 F.B.M. Total. . 
23: 50 lbs. Petrelastic Cement 38 
750 lbs. Petrelastic Cement 38 Cr 

1600 Ibs. Tota! 

Total Sub-Acct. 107.1 | 75.00 36.00 

Cased se ay Crossing Sub-Acct. 107.2 

v Roll. , - 1? 00 
27 r ft. -10 in. P. E. ‘Pipe ‘as 29.70 
Total Sub-Acct. 107.2 42 00 29.70 
Cased Highway vaneeeas Sub-Aect. 107.3 
av Roll. . ieee ht sin tae 50.00 
28 ft.-10 in. P.E. Pipe . ae 30 80 
Total Sub-Acct. 107.3... j 50.00 30 80 
8 in. Orifice Meter Set-U ane Acct. 109 
av Roll ' ; oo 

Meter Tubes 
36 ft.-8 in. Se. Pipe. ».00 

Valves — 

2-8 in. Fle. 250 Ib. O.S.&Y. 00 

Flanges and Orifice Dise 
Machine Belts.......... » 80 
1-8x15 Orifice Flange... . 80 
3-8x15 Companion Flanges 60 
1-8 in. Orifice Dise 80 

Total. . 
Pressure Connee tions to Gauge ». 00 
1-Standard Galvanized Iron Meter House 2 00 
Total Sub-Acct. 109... 323.00 

Field General Foreman Sub-Acct. 701 
Pav Roll. 

Field Accounting Sub-: Acct. 702. 

y Roll. . ; 

Tool E. senate Sub-Acet. 703 
Clearing from Tool Expense. . . 220.00 

Construction Equipment Expense- 

Sub-Acct. 704 | | 
Compressor No. 3 Cutting Paving. . 8.00 
Compressor No. 3 Pumping Line— as 
WINS Gd skins ions Bale oidianted 7.50 


Total Sub-Acct. 704. . 


~~" 


— 


60 


5.00 


yl 
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WORK ORDER NO. 9826 COST DETAIL (Continued) 


Re ” rence : De sarinti yn Labor Material Misc. Total 
Teammpertation of Men and Personal 
Expense—Sub-Acct. 706 - 
6/60 Auto Expense—Car............... 55 00 
6/60 Auto Expense—Truck............ 43 .00 
Pt dcthebecenbbstoodeves« 98 .00 
6/58 Personal Expenses—Meals..... . bik 5.00 5.00 
Total Sub-Acct. 706.......... 103 .00 103 .00 
Temperary Construction Sub-Acct. 707 
6/70 EE Se ere 42.00 42 00 
0950 te: ds pee iiebeessksusk’ 1.10 1.10 
Total Sub-Acct. 707.......... 42.00 1.10 43.10 
Haulage-Sub-Acct. 709 
6/70 IS Ce oe a oe os aioe 198 .00 198 .00 
6/60 Auto E xpense—Truck. Sakae 135 .00 135.00 
Total Sub-Acct. 709.......... 198 .00 135.00 333 .00 
Miscellaneous Installing Expense— 
Sub-Acct. 710 
70169 Repairs to Water Service.......... 14.40 14.40 
70294 Repairs to St. Light Conduit....... 28.65 28.65 
Replacing Fence 
6/70 RRR ee aay Sah Pee eae 4.20 
6/71 eco net ace wes ena in 1.60 
IN ne eee a ehs 5.80 
70314 Special Drilling on 2-8 in. Flanges. ..... 1.80 1.80 
Total Sub-Acct. 710.......... 4.20 1.60 44.85 50.65 
Supply Expense—Sub-Acct. 711 
6/71 Clearing from Stores Expense... ... 506.00 506.00 
Protective Pipe Coatings Sub-Acct. 713 
60128 540 Gal. Arco Save-a-Line......... 660.00 
7/64 25 Gal. Arco Save-a-Line......... 30.30 Cr. 
515 Gal. 0 er 629. 70 
60136 56500 Lin. Ft. No. 8 Treated Wrapper. . 690.00 690.00 
Total Sub-Acct. 713.......... 1319.70 1319.70 


Welding Materials—Sub-Acct. 714 

6/71 Oxygen, Acetvlene and Welding Rod 460.00 460.00 
M iscellaneous Installing Material— 
Sub-Aecct. 715 


6/71 OS ee 75 
6/71 2 ats. Green Eng. Paint........... 2.00 
6/71 SS ee 60 
6/71 I a 90 
6/71 17 Gaskets 8x12.. Ss Pee 6.50 
6/71 4 Gaskets 8 in. Dr. 40............. 1.50 
Total Sub-Acct. 715........ 3 12.25 
General — Costs— 
Sub-Acct. 810 
6/70 Adminstration, Superintendence, 
Engineering, etc............... 1686.00 1686.00 
8/96 Interest During Construction. ..... 407 .36 
Total Cost of Job........... 20775 .33 


Discussion of Suni of I W ork Order No. 9326 


The preceding sample analysis illustrates a complete analysis 
and cost report for a large pipe line job with Railroad and High- 
way Crossings, Concrete Manhole, Meter Set-Up, Valves, Fittings, 
Etc. 

The Cost Report, as has been previously stated, furnishes the 
basis for posting the Property Record. It also furnishes the story 
of the job, consisting of the dates of construction, the work author- 
ized, comparison of the estimated and actual cost, description of 
work contracted and work performed by company force, data con- 
cerning important items of material and difhculties encountered. 
These last two items might be expanded considerably on actual jobs 
to furnish a valuable detailed story of construction. The comparison 
of estimated and actual costs may be expanded to show this com- 
parison for each account or each item if this information is con- 
sidered to be of sufhcient importance. 

The Cost Summary is the most important part of the analysis 
because it illustrates a method of combining all the elements of 
cost to produce the total cost of each unit of equipment or plant. 

To compile the Cost Summary the Direct Labor and Direct 
Material costs are written up for each unit directly from the Cost 
Detail, which consists of the detail charges compiled by sub- 
accounts. The Indirect and General Construction Costs are tran- 
scribed in total from the Cost Detail and are then prorated or 
allocated as illustrated in the example. The Interest During Con- 
struction is calculated for each unit on the total cost exclusive of 
interest. 

It will be noted that Labor Expense, Tool Expense, Haulage, 
Miscellaneous Installing Expense, Field Supervision and Account- 
ing and General Construction Costs are prorated to each item on 
the basis of Direct Labor. 

There seems to be little question about this being an equitable 
basis for spreading these costs with the possible exception of Haul- 
age and General Construction Costs. 


WESTERN GAS 


Some may contend that Haulage can be allocated to each unit, 
however this is thought to be a very doubtful practice since the 
cost of mixed loads would have to be split in the field and the 
hauling of tools and equipment to be used on the installation of 
various units could not be split in the field. A ton mile basis 
would undoubtedly be the most equitable but is also difficult to 
obtain. A direct material cost might be used as the basis for dis- 
tributing haulage on some construction work where the cost of 
material installed varies according to its weight. The Direct 
Labor basis seems to give a very equitable split of haulage on 
most jobs, however this basis may have to be varied to suit the 
particular conditions of many construction jobs. 

With reference to General Construction Costs, some have con- 
tended that it should be spread on the basis of Total Base Cost. 
This was discussed at some length in the Pacific Coast Gas Asso- 
ciation Report of 1928 on Undistributed Costs and will not be 
repeated here. Suffice it to say that General Construction Costs 
are very closely related to Labor Costs and their distribution on a 
labor basis gives a very equitable segregation. 

Supply Expense and Miscellaneous Installing Material are pro- 
rated on the basis of Direct Material which seems to be the only 
logical segregation. 

Welding Material and Construction Equipment Expense are 
allocated where used. 

Protective Pipe Coatings are distributed on the basis of pipe 
cost. Protective Coatings may be considered as Direct Material, but 
to facilitate the distribution of the cost of these items, they are 
shown here as Indirects. 

If sufficient detail were received from the field, Protective Coat- 
ings might be set up as Direct Material or they might be equit- 
ably distributed on the basis of surface covered by each type of 
coating. 

It might be well to point out that Labor Expense on the Cost 
Summary includes Transportation of Men, Personal Expense Ac- 
counts, Temporary Construction and Operation of Cook House, 
Commissary and Boarding House. 

Job Engineering may be shown either as a separate item on the 
Cost Summary or included with Field Supervision and Accounting. 
It may be contended that job engineering can be allocated to the 
items on which the time of the engineers is spent. On certain 
types of construction this procedure may be followed with very 
satisfactory results and undoubtedly should be used when the job 
engineering organization is of such a nature as to make such an 
allocation of job engineering practical. 


WORK ORDER NO. 9945 COST REPORT 


Work Started 5-12-30—Completed 5-17- 30—Placed in eae 
tion 5-15-30. 


Work Authorized: 


Reclaim 125 ft. of 6-in. line No. 8 and 125 ft. 6-in. line No. 12 
and install 200 ft. of 8-in. line as an extension to line No. 6. 


Work Performed: 
. As authorized. 
Cost Summary: __ 


~ Gen’l. Interest | 
Acct. Base Const. During Total 
No. Description _ Cost _—_ Cost Const. Cost 


36 198 ft. of 8-in. Welded 
Pipe Line No. 6.......... $521.03 
36 130 ft. cr. of 6-in. Weld- 
ed Pipe Line No. 8.... 
36 132 ft. cr. of 6-in. Weld- 
ed Pipe Line No. 12.. 178.80 cr. 24.50 cr. 
140 Cot of Removing 


$48.50 $12.11 $617.64 


233.00 cr. 31.00 cr. 5.28 cr. 269.28 cr. 


4.07 cr. 207.37 cr, 


Lines No. 8 and 12.... 88.05 36.21 124.26 
130 Depreciation Reserve— 
Original Cost of 
Property retired ........ 
132 Depreciation Reserve— 
Value of Material 
Reclaimed .................. 236.00 
GE cewenner nan $505.90 
General Data: 
ESTER LEAST 5 LN CH $550.00 
I ea 505.90 
Difference Se siet FINA A, OES OE $ 44.10 


Constructed by:—Company Force. 
Protective Coatings: 
Line and drip painted in field with one coat McEverlast pene- 
tration and two coats McEverlast Electrolysis paint. 
Difhculties Encountered :—None. 


September, 1930 


| Material Reclaimed 


Total Removing Cost 


WORK 


DESCRIPTION OF PROPERTY 
OR 
WORK PERFOR MED 
| Inst. of 8 in. Ww elded Line No. 6 
. EB. 


Pipe, 8 in. P 
Fittings 


Sub-Total. 


Total Cost of Line No. 6.... | 

Cost of Removing Transmission Lines | 
Removed 130 ft. of 6 in. Line No. 

8 and 12 in. Vertical Drip. | 
moved 132 ft. of 6 in. Line No. 12 | 
Total Removing Cost | 


Total Cost of Job 


WORK ORDER NO. 9945 COST SUMMARY — INDIRECT COSTS 


NDIRECTS 


DESCRIPTION OF PROPERTY 
OR 
WORK PERFORMED 


| Fost: of 8 j in. n. W elded Line No. | 6 
| Vertical Drip 


Total Cost Line No. 6.... 


Total Cost of Job... . 
| Material Reclaimed. . 


‘a Net Total Cost of Job. . 


WORK ORDER NO. 9945 


ORDER NO. 


were er ee eevee eeeeeenees 


Inst. of 16 in. Vertical Drip 
on Line No. 6 

hg Vertical Drip 6 ft. Long with 
Leg, 20 ft. Long and 2 in. | 


Blog Off 


Quantity 
196 | 


198 


198 


DIRECT CT LA ABOR 


P er Ce ont : 
3 Unit | of Direct 
Unit Cost Cost Material 
Ft. 
Ft. 110.00 56 55.98 
30.00 =| | 37.53 
Ft. | 140.00 71 50. 63 


60.00 


200 .00 


200 00 


LABOR INDIRECTS 


aT 
Super- 
Misc. vision 
| Install-| & Total 
Labor | Tool Haul- ing |Account-| Labor Supply 
Expense} Expense} age Expense} ing | Indirects | Expense 
*3.6% | *7.9% | *18.1%| *4.2% *8.5% | "5 8% 
et it - 
3.96 | 8.66 | 19.90 | 4.63 | 9.36 46.51 11.34 
108 | 2.36 | 5.42 | 1.26 | 2.55 12.67 4.61 
5.04 | 11.02 | 25.32 5.89 11.91 | 59.18 15.95 
2.16 4.72 | 10.86 2.52 5.11 25.37 
7.20 | 15.74 | 36.18 | 8.41 | 17.02 84.55 15.95 
| 7.20 | 15.74 | 36.18 | 8.41 | 17.02 | 84.55 | 15.95 


9945 COST SUMMARY — DIRECT COSTS 


_DIRECT MATERIAL 


Cost 


180 


16.5 


196.5 


80.0 


276.5 


40 50 


MATERIAL 


Welding 
Material 


10.75 
ry 


15 “ye 


Unit 


Cost 


9? 


99 


1.40 


C7 


DESCRIPTION OF PROPERTY 
OR 
WORK PERFORMED 


Inst. of 8 in. Welded Line No. 6 
Vertical Drip 


Total Cost Line No. 6 
Total Removing Cost 


Total Cost of Job. . 
| Material Reclaimed. . 


Net Total Cost of Job. ... 


236.00 


= — — 
609.08 | 


TOTAL 
TOTAL EXCLUSIVE OF 
BASE COST | —— INTEREST 
Unit Construction | Unit 
Cost Cost Cost Cost Cost 
| *60.3% 

.| 386.74 1.95 66.39 453.13 2.29 
.| 134.29 | 18.11 152.40 

521.03 | 2.63 84.50 | 605.53 3.06 
88.05 | 36.21 | 124.26 
120.71 729.79 


236.00 


_ 120 “1 493 79 


INSTRUCTIONS FOR PRORATING 


* Percentage of Direct Labor $200 00 
** Percentage of Direct Material 276.50 
*** Percentage of Pipe Cost: 


** 
( 


Percentage of General Construction Costs to Total Base Cost on Installation of Line 
84.50 


The preceding 


Discussion of Analysis of Work Order No. 9945 


sample Cost Report and Cost Summary is very 
similar to the first example and serves only to show how a replace- the items of construction. 


Installation of 8 in. Line $180.00 
Installation of 16 in. Drip 31.00 
$211.00 


) Allocated on Average Cost Basis 


—_— X 100= 16.22% 
521.03 


ment job, including the cost of removing old property, 


Protec- 


Pipe 
Coatings! Material 


f 


9 38 


2 
| 11.00 
11.00 


11.00 


COST SUMMARY — GENERAL COSTS AND GRAND 


—— 


Interest 
During 
Construction 


Page 65 


, DIRECT _ 


Unit 


( ‘nat 


2.10 


the retire- 


ment of old property and the capitalization of the new property 


installed may be set up and the various items of cost assigned to 


ep ena mee o * 5 


WESTERN GAS ; 


Page 66 
, Cost Summary: ; 
WORK ORDER No. 9563 COST SUMMARY General Interest 
i a ee . , , Acct. Base Const. During Total ‘ 
Work Started 5-5-30—Completed 5-6-30—Placed in Operation No. Desttintion me Cnet Constr. Cost | 


5-6-30. 


, ' 41 Compressor Station 
Installation of 102 ft. of 2-in. eg 


No. 6 Site.......... $ 1,800.00 $ 1,800.00 


Description Amount Unit Cost 
Direct Labor 16.50 162 
Direct Material: | 
101-2 in. Serewed Wrapped Pipe 26.50 260 
1-2 in. Se. 125 1b. Valve... 4 50 044 
Fittings 29 40 024 
1-8 in. Pipe Valve Box and Cover. 2.25 022 
Total Direct Material. ..... | ; 35.65 350 
Total Direct Cost.... 52.15 511 
Labor Indirects: 
Labor Expense............ 0 
lool Expense 1.10 
Haulage i 1.40 
Construction Equip. Expense 80 
Total Labor Indirects....... 3.80 
Material Indirects: 
Supply Expense............. - 1.75 
Miscellareous Installing Materia 00 
Protective Pipe Coatings. ...... , 1.40 
Total Material Indirects...... 4 05 =a 
Total Indirect Cost......... 7.85 077 
Total Base Cost oy 60.00 588 
General Construction Cost (Exclusive of Interest)... . 7.60 075 
Total Exclusive of Interest...... 67.60 663 
Interest During Construction (2% of 67.60)... 1.35 013 
Total to SS ig Sae 68.95 676 
Paving over 2 in. Main 7 . 15.12 
Interest During Construction (2% of 15.12) — 30 
Total Paving to Acct. No. 24. , 15.42 
Total Cost of Job.... 84 37 R27 


Discussion of Analysis of Work Order No. 9563 


The preceding sample Cost Summary illustrates a cost summary 
for a job covering the installation of a single unit of equipment 
with all items of cost segregated in the same manner as is used 
for large construction jobs. No Cost Report should be necessary, 
however a story of the job giving difhculties and other pertinent 
data might be added at the end of the Cost Summary. 

As previously mentioned the consolidation of a large number of 
simple jobs such as illustrated here may be easily made where 
such cost summaries are available and furnish valuable average 
cost data. 

Percentages of Indirect Costs to base costs are not shown as 
they would be of little value on each individual small job, how- 
ever they should be calculated on the summary of a large number 
of similar jobs to show the average relation for comparison and 
for use in estimating future jobs. 


WORK ORDER NO. 9762 COST REPORT 


Work Started 3-5-30—Completed 5-2-30—Placed in Operation 
4-3-30. 


Work Authorized: 


Erection of a two unit compressor station complete with aux- 
iliary equipment, cooling tower, office, etc. Station to be located in 
the Sea View Oil Fields and to be known as Compressor Station 
No. 6. 


Work Performed: 


As authorized. 


42 Corrugated Iron 
on Steel Frame 
Building 45 ft. 
x30 ft.x12 ft. to 
Eaves 20 ft. to 
Peak—No. 6— 
| pe eee 

42 Corrugated Iron 
on W ood 
Frame Office 
and Warehouse 
Building 28 ft. 
x14 ft.x8 ft. to 
Eaves, 11 ft. to 
Peak No. 6-B-2 

43 Leveling and 
Gradiaz 
Grounds Sta- 
fen Ne. 6... 

43 1040 ft. of 60-in. 
Wire Fence on 
Pipe Posts Sta- 
tion No. 6........ 


45 Two 160-H.P. 
Cooper Com- 
pressor Units 


3,619.91 


1,461.16 


265.59 


450.19 


No. 6—E-1 & 2 18,482.71 


46 Cooling Tower 
22 ft.x36 ft.x34 
ft. High with 
Concrete Cool- 
ing Pond and 3 
Griscom Rus- 
sell Bentube 
Sections No. 6 
na a 

49 One — 50 - H.P. 
Cooper Auxil- 
iary Engine No. 
6—E.30 ..... ‘Se 

49 One—6x6 LR. Air 
Compressor No. 
6—E-34 ............ 

49 Two—16-in x 21- 
ft. Air ‘Tanks 
No. 6—E-40 & 
UE <sseccdbaiaiicasiedahiidinba 

49 Two No. 5 Cam- 

eron Centrifu- 
gal Pumps No. 
6—E-46 & 47.... 

49 Belting for Auxil- 
iary Equipment 
Station No. 6.... 

64 Compressor Sta- 
tion Piping Sta- 
tion No. 6.......... 


RE 


Genera Data: 


OES! RE EENS VRE SALLIE GRE 
Oe B® GROSSE SS RR POR ae 


PE FELICE I CE 
Constructed by—Company Force. 


6,780.94 


3,074.41 


541.98 


129.15 


381.88 


130.55 


$457.83 $ 61.17 
335.98 26.96 
98.97 5.46 
52.98 7.55 
431.73 283.72 
860.15 114.62 
39.85 46.71 
5.83 8.22 
12.16 rae 
4.82 5.80 
6.25 2.05 
833.45 115.86 
$50,000.00 
47,829.74 


$ 2,170.26 


4,138.91 


1,824.10 


370.02 


510.72 


19,198.16 


3,160.97 


556.03 


143.43 


392.50 


138.85 


7,840.34 


__ $47,829.74 


aN. 


it od POA ee Pee - 


; September, 1930 
: 
4 
Account 
f No. and 
4 Segregation 
: 41 
— 
49 
42 
; 43 
3 
3 
: 13 
5 
: 
4 
‘ 
3 
: $5 
A) 
; 
. +6 
i 
® 
A ty) 
: 
4 
; 
49 


WORK ORDER NO. 9762 COST SUMMARY—DIRECT COSTS 


DESCRIPTION OF PROPERTY 


OR 
WORK PERFORMED 


Land Purchased 
Lot 200 ft. x 320ft. at Emerald and 
Norron Sts. for Station No. 6 Site 


Erection of Corrugated Iron on Steel 
Frame Compressor Building No. 6-B-1. 
45 ft. x 30 ft. x 12 ft. to Eaves, 20 ft 
to Peak. Concrete Foundation and 
Galvanized Iron Gable 
Roof with Monitor on Steel 


Floor. 


Trusses. 


Excavation 


Concrete 


Foundation. 
Floor Finish 


Fle or 


Forms for Concrete 
Reinforcing Steel 
Founaation Bolt 


Total Foundation & Floor 
Superstructure Including Struc- 
turai Steel, Corr. lron. Ridge Roll. 


Gutter, Downspouts, Sash, Flash-| 


ing, etc. 


Electric Wiring & Fixtures 


Total Cost of Building 
No. 6-B-1 


‘Erection of Corrugated Iron on Wood | 
Frame Office and Warehouse Building| 


No. 6-B-2. 


28 ft.x 14ft.x 8 ft. to Eaves, 11 ft. 


to Peak. 


Mud Sill Foundation. 


Galvanized Iron Gable Roof. 
Superstructure 

Plumbing 
Electric Wiring & Fixtures 


Total Cost of Bldz. No. 6-B-2 


Leveling and Grading Grounds 


Installation of 60 in. Wire Fence 
with pipe 
2-15 ft. gates and 1-4 ft. gate 
Concrete Post Footings 


posts set In concrete, 


Total Cost of Fence 


Installation 


of 


2-160 H. P. Cooper 


Engines and Compressors No. 6-E-1] 


@ 2 


Excavation 


Concrete Foundations 


Grouting 


Forms for Concrete 
Anchor Bolt and Tubes 


To tal Foundations 
160 H. P. Copper Engines and Comp.. 


Total Main Engine & Comp.. 


Installation of Cooling Tower 
22 ft. x 36 ft. x 34 ft. High. Com- 
plete with Concrete Cooling Pond 
and Griscom Russell Bentube Sec- 


tions No. 6-E-25 
Exeavation 
{einforcing 


Concrete 


Total Cooling Pond 
Cooling lower 
Bentube Sections 


Total Cooling Pond and 


Tower 


Installation of 1-50 H. P. Cooper Auxi- 
liary Engine No. 6-E-30 


Excavation 


Concrete Foundation 


Grouting 


Forms for Concrete 


Total Foundations 
50 H. P. Cooper Engine 


Total Auxiliary Engine 


Installation of 1-6x6 I. R. Compressor 


No. 6-E-34 


Excavation 


Concrete Foundation 
Forms for Concrete 


Grouting 


Total Foundations 
Air Compressor 


Total Air Compressor 


Quantity 


21600 
9 


21600 


1040 
y 


1040 


Cu. Ft. 
lutlets 


Cu. Ft. 


Cu. Ft. 
Outlets 


Cu. Ft. 


E 


EK 


Unit 


me tne 


ach 


re h 


— 


_DIR ECT LABOR 


(‘ost 


50 00 
7.00 


500 00 
42 00 


R7R GU] 


530 00 
63 00 


52.00 
645 00 


190 00 


G0. 00 
11.71 


101.71 


165.00 - 


318 SI] 

25 00 
SOS 8] 
320 00 


§28 81 


70 00 


»D | yj” 
1150 00 
250 O00 


1651.27 


Unit 
(ost 


a 
50 


ae 


04 


(14 
} ate 


10 


160 OO 


$14 41 


—" 
wl 
= 


Per Cent 
of Direct 
Material 


R32 OAD 


84 09 


DIRECT MATERIAL TOTAI 
Unit 
(‘ost Cort Land a 
L800 OO 1800 OO 
res tpi} 
163 13 f &0) 275.65 
30.00 38 O00 
122 3) h AU Abla 74 
35 00 RA ON) 
35.00 1? OO 
18.00 18 OO 
403 48 740 29 
L800 O00 OS 2300 00 
95.00 7.92 137 00 
2298 48 1 3177.39 
340 00 ()' R70 00 
155.00 218 00 
Hh OO av Qs UU 
541 00 15 1186 OO 
140) OO 
280 OO 27 (0 OO 
16 49 h &O 9s 70 
Uf U) 2g RQ 8 {) 
1h? PO fh kt 
25 00 
10 O00 
200 00 
127.20 1236.01 
16000 00 S000 OO 16320 00 
| 97 20 R263 60 17556 
25 thi) 
140 32 h &0 
215.32 $3 
2500 00 AO OK 
1600.00 5 Iss) O 
$315 $0 > f 
54 3/ 6h &0 
1 () 
S UU 
ryt 37 avi i Po 
2800 OO IRI OD 
J sty 7 Z +? sA 
h SO ll 33 
1 OO 
~ a5 15 74 
500 00 504 00 
5OS8 55 519.74 


DIRECT 
{ 

| 42 

11 49 

11 49 

1] 

ll 42 
1s 

Ls 

S150) iM) 

R7Tk 0 


WESTERN GAS 


Satin att etae.” S a 


WORK ORDER NO 9762 COST SUMMARY — DIRECT COSTS (Continued) | ‘ 
DIRECT LABOR DIRECT MATERIAL TOTAL DIRECT ; 
Account DESCRIPTION OF PROPERTY | Per Cent | | ne ae ; 
No. and | O | | Unit of Direct | | Unit | Unit j 
Segregation| WORK PERFORMED Quantity; Unit Cost Cost Material Cost Cost | Land Cost Cost 4 
(nstallation of 2-16 in. x 21 ft. Air Tank 
No. 6-E-40 & 41 | 
Concrete Foundation... .. os 5 |Cu. Yd. 2.35 4.70 69.11 3.40 | 6.80 
Forms for Concrete........... 1.00 | ie 
Total Foundation......... 3.35 80.86 | 4.15 7.50 
LAS, eee 45 Ft. 85.00 1.89 85.00 1.89 
Fittings oP ebermbiatbenmes 2.00 | 2.00 ; 
Fence Post Pipe for Supports 2.00 | 2.00 ; 
Labor for Making up Air Tanks 20.00 20.00 : 
49 Total Air Tanks..... 3.35 25.07 | 93.15 116.50 ‘ 
Installation of 2 Cameron Centrifugal! 
Pumps No. 6-E-46 & 47 | 
Concrete Foundation... .. 8 jCu. Yd. 3.75 4.69 5.44 6.80 > 
Forms for Concrete....... 1.50 1.00 
Total Foundations § iCu. Yd. 5.25 6.56 81.52 6.44 | 8 05 11.69 14.61 i 
No. 5 Cameron Pumps....... 2 Each 4.00 | 2.00 1.14 | 350.00 | 175.00 354.00 177.00 : 
4 
49 Total Cameron Pumps... 2 Each 9.25 4 63 2.60 356.44 178.22 365 . 69 182.85 
Installation of Belting for Auxiliary | 
49 OO . 12.00 110.00 122.00 
64 Compressor Station Piping 
Including all piping except plumb- 
ing inside the Office and Ware- 
house Building Walls.......... Total 1600.00 35 . 56 4500.00 6100.00 
Total Cost of Comp. Station 6028.00 32613.50 | 38641. 50 a 
Total Cost of Job... . 6028 00 32613 . 50 1800.00 40441 50 | 


a 


Hiei oa, 
Pek 


ae 


TOUS et ot he eee aa 


De COOTER Sc 


5, Wiha ge 5 9: aap SORT at he ee Re 


6 abbey ie eat 


ign Fess 


ae 


seer ain F 
x, 


- PE as er 
RPE VANS ey etree 


—— 


September, 


1930 


DESCRIPTION OF PROPERTY 
2) 
WORK PERFORMED 


Labor 
Expense 


#2 8O7 

Land Purchased 

Erection of Corrugated Iron on Steel Frame} 

Compressor Building No. 6-B-1. 

Excavation 6.59 
Concrete— Foundation | 9 SY 
Floor Finish 70 
Floor 7.42 
Forms for Concrete 4 40 
Reinforeing Steel 62 
Foundation Bolts 
Total Foundation & Floor | 99 62 
Superstructure. 43 97 
Electric Wiring & Fixtures | en 
Total Cost of Building No. 6-B-1 77.28 

Erection of Corrugated Iron on Wood Frame! 

Office and Warehouse Building No. 6-B-2 
Superstructure 46.60 
Plumbing | 5.54 
Electric Wiring & Fixtures 4.57 

Total Cost of Building No. 6-B-2 | §6.71 

Leveling and Grading Grounds ; 16.71 

Installation of 60 in. Wire Fence 
With pipe posts set in concrete, 2-15 ft. 
gates and 1-4 ft. gate 7.91 
Concrete Post Footings. . 1.03 

Total Cost of Fence.... § 94 

Installation of 2-160 H. P. Cooper Engines and 

Compressors No. 6-E-1 & 2 
‘Total Foundations 44 74 
160 H. P. Cooper Engines and Comp. 28.13 

Total Main Engines and Comp. 72.87 

Installation of Cooling Tower and Pond No. 

6-E-25 
Total Cooling Pond............. 19.44 
Cooling Tower. .. 101.11 
Bentuhe Sections. nae 24.62 

Total Cooling Pond and Tower 145.18 

Installation of 1-50 H. P. Cooper Auxiliary 

Engine No. 6-E-30 
Total Foundations $+ 53 
50 H. P. Cooper Engine | 2.20 

Total Auxiliary Engine 6.73 

Installation of 1-6x6 I. R. Compressor No. 

6-E-3 
Total Foundations 63 
Air Compressor 35 

Total Air Compressor 98 

Installation of 2-16 in. x 21 ft. Air Tanks No 

§-E-40 & 41 . 

Total Foundations 29 

16 in. P. E. Pipe. . 

Fittings. 

Fence Post Pipe for Supports 

Labor for Making up Air Tanks 1.76 
Total Air Tanks.... 2 05 

Installation of 2 Cameron Centrifugal Pumps; 

No. §--46 & 47 
Total Foundations $f} 
No. 5 Cameron Pumps 35 

Total Cameron Pumps 81 
Installation of Belting for Auxiliary Equip. 1.06 
Compressor Station Piping... . : 140.68 

Total Cost of Compressor Station 530.00 

Total Cost of Job 530.00 


Tool 


Expense 


*. 
~! 


20 


WORK ORDER NO. 9762 COST SU 


LABOR INDIRECTS 


Mise. 

Install- 

Haul- ing 
age Expense 
*11° ; *1 of ; 
8 25 1.49 
12.38 2.24 
SS 16 

9 28 1.69 
>. 50 1.00 
77 14 
7.06 §.72 
94.99 GY 95 
4 62 84 
OH Dé Li »] 


8 30 10.55 
93 1.25 
>. 71 1.04 


20.90 | 3.78 
9 90 1.79 
1.29 3 
11.19 > 02 


126 48 ») UU 
30) SO ).di 
181.62 37 87 
5.67 1.02 
2.75 50 
§ 42 1.52 
iv 14 

+4 O8 
1.23 22 
37 07 

> 20 1() 
2.57 7 
58 10 

44 Os 

1 02 Ls 

1 31 4 
175.97 31.85 


663.00 120.00 


663 00 120 00 


Field 
Super- 
vision (‘onstr. 
& Equip- Total 
Account- ment Labor 
ing | Expense Indirects 
*11  b/ *\ 
R R83 29 83 
13.25 7.96 52.72 
94 3.18 
9 94 5.94 39.55 
5.89 19.90 
83 2.79 
39.68 | 13.93 147.97 
58 89 198 90 
4.95 16.72 
103 .52 13.93 363 .59 
§2.43 210.85 
7.42 25 06 
§.12 20.67 
75.9% 256 58 
22 38 (9.59 
10.60 35.80 
1.38 R3 5 49 
11.98 8&3 41 29 
19.93 | 22.50 224.96 
37 69 127.30 
97.62 22.55 352.26 
°6 06 Q 28 97 30 
135.45 $57.48 
32.98 111.38 
194.49 G 28 666.16 
§ 07 2.65 23.14 
» 94 9 95 
9 Ol > 65 33.09 
R5 33 3.19 
17 1.59 
1.32 33 4 78 
39 16 1.49 
9 36 7 96 
2.40 16 9 45 
H2 25 2. 36 
17 1 59 
1.09 27 3.95 
1.4] 44 
ISS 46 636 49 
710.00 | 50.00 9448 00 
710.00 | 50.00 2448 00 


Supply 


Expense 


tN Gr 
> ww 
7 3 


246.19 
3.17 
36 79 
23.55 
H3 5] 
US 
$1.21 
$2 19 
13 
1.00 
7.48 
06 
1.25 
5 

03 

1 dé 
10 

5 15 
». 25 

1 62 
66 23 
eH OD 
1k OD 


MMARY — INDIRECT COSTS 


MATERIAL INDIRECTS 


Pri tec- 
tive 


Welding Pipe 


Material| Coatings| Materia! 


Mise 
Install- 


ing 


**] Q¢ y 


f 


- 


RR 3] 


Ho40) tH) 


H40 00 


T, 


Materia! 


[ndirects 


Ut) 


tal 


16 


tH} 
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WORK ORDER NO. 


9762 COST SUMMARY—GENERAL COSTS AND GRAND TOTAL 


—_ —_ ——— 


TOTAL 
TOTAL 


EXCLUSIVE O 


F 


DESCRIPTION OF PROPERTY BASE COST General , INTEREST Interest TOTAL | 
OR Unit Construction Unit During Unit | 
WORK PERFORMED Cost Cost Cost Cost Cost Construction Cost Cost 
*52. 1% 2% | 
} 
Land Purchased 1800 .00 1800.00 1800.00 
Erection of ¢ orrugated Jron on Steel Frame Com- 
pressor Building No. 6-B-1. | 
Excavation 104.83 Q& 39.07 143 .90 2.72 2.88 146.78 2.77 | 
(oncrete— Foundation 333 .97 13.92 58 61 392.58 16.36 7.85 400 43 16.69 
Floor Finish 42 21 4.17 46.38 93 47.31 
Floor 50.49 13.92 43.96 294 45 16.36 5.89 300.34 16.69 
Forms for Concrete 106.10 26.05 132.15 2 64 134.79 
Reinforcing Steel 46.00 3.64 49 64 99 50 63 
Foundation Bolts 18.62 18.62 37 18.99 
Total Foundation & Floor 902 22 175.50 1077.72 21.55 1099 27 
Superstructure 2560.71 12 260.45 2821.16 13 56.42 2877 .58 13 
Electric Wiring & Fixtures 156.98 13.08 21.88 178 .86 14.91 3.58 182.44 15.20 
Total Cost of Building No. 6-B-1 3619.91 17 457.83 | 4077.74 | 19 81.55 4159 29 19 | 
Erection of Corrugated Iron on Wood Frame Office 
and Warehouse Building No. 6-B-2. 
Superstructure 1092.53 29 276.08 1368 .61 37 27 .37 1395.98 38 | 
Plumbing 248 38 32.82 281.20 5.62 286 82 
Electric Wiring & Fixtures 120.25 20.05 27.08 147.33 24.56 2.95 150.28 25.05 
Total Cost of Building No. 6-B-2 1461.16 39 335 .98 1797.14 | 48 35.94 1833 .08 49 
Leveling and Grading Grounds 265 .59 98 97 364.56 7.29 371.85 | 
Installation of 60 in. Wire Fence 
With pipe posts set in concrete, 2-15 ft. gates : 
and 1-4 ft. gate 415 42 10) 46.88 462 30 45 Q 24 $71.54 45 
Concrete Post Footings 34.77 13.91 6.10 40.87 | 16.35 82 41.69 16.68 
Total Cost of Fence 450.19 43 52.98 503.17 48 10.06 513.23 44 
Installation of 2-160 H. P. Cooper Engines & Com- 
pressors No. 6-E-1 & 2. 
Total Foundations ; 1485.94 265 .04 1750.98 35.02 1786 .00 
160 H. P. Cooper Engines and Compressors. 16996 .77 8498 39 166.69 17163 .46 8581.73 343 .27 17506 .73 8753 .37 
Total Main Engines and Compressors 18482 71 9241 35 431.73 18914. 44 9457 .22 378.29 19292 .73 9646.37 
Installation of Cooling Tower and Pond No. 6-E-25 
Total Cooling Pond 541.28 19.33 115.26 656.54 23.45 13.13 669.67 23 .92 
Cooling Tower 1193 33 599 03 4792.36 95.85 $888 21 
Bentube Sections 2046 33 682 11 145.86 2192.19 730.73 43 84 2236.03 745.34 
Total Cooling Pond and Tower §780 G4 RHO 15 7641 09 152 82 1193 9] 
Installation of 1-50 H. P. Cooper Auxiliary Engine 
No. 6-E-30. 
Total Foundations 143.30 26 8&3 170.13 3.41 173 .54 
50 H. P. Cooper Engine 2931.11 13.02 2944 13 58 88 3003 .01 
Total Auxihary Engine 3074.41 39 85 3114.26 62.29 3176.55 
Installation of 1-6x6 I. R. Compressor No. 6-E-34. 
Total Foundations 19 23 3.75 22.98 46 23.44 
Air Compressor 599 75 2 of 524 83 10.50 535.33 
Total Air Compressor 541.98 5.83 47 81 10.96 558 .77 
Installation of 2-16 in. x 21 ft. Air Tanks No.6-E-40 
& 41. 
Total Foundations 9 13 1.74 10.8; 29 11.09 
l6 in. P. E. Pipe 87.92 1.95 87.92 1.95 1.76 89 68 1.99 
Fittings 2.07 2.07 04 2.11 
Fence Post Pipe for Supports 2.07 2.07 04 ee 
Labor for Making up Air Tanks 27 . 96 10.42 38 .38 Vi 39.15 
Total Air Tanks 129 15 12.16 141.31 2.83 144.14 
Installation of 2 Cameron Centrifugal Pumps No. 
6-E-46 & 47. 
Total Foundations 14.28 17 85 2.74 17.02 21.28 34 17.36 21.70 
No. 5 Cameron Pumps 367.60 183 80 2.08 369 68 184.84 7.39 377.07 188 . 54 
Tota! Cameron Pumps 381.88 190 94 4.82 386. 70 193 .35 7.73 394.43 197 22 
Installation of Belting for Auxiliary Equipment. 130.55 6.25 136.80 2.74 139.54 
Compressor Station Pining 6891.03 833.45 1124.48 154 49 7R78 97 
Total Cost of Compressor Station 12209. 50 3140.00 45349 . 50 906 . 99 46256 .49 
Total Cost of Job 44009 50 3140.00 47149. 50 906.99 48056 .49 


INSTRUCTIONS FOR PRORATING 


$ 6028.00 
32613 .50 


* Percentage of Direct Labor 
** Percentage of Direct Material 
(*) Allocated where Used. 
Percentage of General Construction Cost to the Total Base Cost 
3140.00 
—— < 100 = 7.44% 
42209 50 
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WORK ORDER NO. 9762 COST DETAIL—DISTRIBUTION 
OF CONCRETING COSTS 


Operation of 


Sub- Cu. Yds. Labor Material Concrete 
Acct. Description Concrete Cost Cost Total Mixer 
Total Concreting. . . 150.8 715.00 1085.00 1800.00 50.00 
201.1 Compressor Building Foundation 24 112.52 163.13 275.65 7.96 
201.1 Compressor Building Floor..... 18 84.39 122.35 206.74 5.97 
255 Fence. . a: 2.5 11.71 16.99 28 7] 3 
335 Compression Unit Foundations 68 318.81 462.20 781.01 22 55 
337 Auxiliary Engine Foundation... 8 37.51 54.37 91 88 2 65 
338 Air Compressor Foundation... . l 1 69 6.80 11.49 33 
342 Air Tank Foundations ete ae 5 2.35 3.40 5.74 16 
318 Cameron Pump Foundations s 3.75 5.44 9.19 27 
348 Concrete Cooling Pond... . . 28 131.27 190.32 321.59 9 28 
Total Concrete. . . as. 150.8 707.00 1025.00 1732.00 50.00 
Unit Cost per Cu. Yd.... 4.69 6.80 11.48 33 
201.1 Compr. Building Floor Finish 8 00 30.00 38.00 
335 Grouting Compressor Units. 25.00 25.00 
337 Grouting Auxiliary Engine 4 00 + 00 
338 Grouting Air Compressor 1.00 1.00 
ee 8 00 60.00 68.00 


Discussion of Analysis of Work Order No. 9762 


The preceding illustration shows a sample Cost Report and Cost 
Summary of a piant job and a method for distributing the cost of 
concrete on such a job. 

The principle followed in setting up the Cost Report and Cost 
Summary for such work is identical with that used for setting up 
a large pipe line job, although the actual application is somewhat 
more complicated due to the many units installed and the desir- 
ability of obtaining the total cost of parts of units such as founda- 
tions, etc. 

Welding Materials and Protective Coatings have been included 
with Miscellaneous Installing Material on the Cost Summary for 
this type of job. : 

It will be noted that such items as Land or other purchases to 
which it is not desirable to add Indirect Base Costs or General 
Construction Costs presents no difficulties in compiling the Cost 
Summary. 


WORK ORDER NO. 6453 COST SUMMARY 


Cost of installing 1-in. Services during the first three months 
of 1930. 


91,086 ft. of 1-in. Service. 


Description ‘ or. i De ar x ; Amount Unit Cosy 
sine made | Raat $10950 00 120 
Irect Material: 
90,150 ft.—1-in. Screwed Pipe $6400 00 070 
pat in. 125 lb. Valves 156.00 002 
ittings. ... S00 O00 OOY 
Service Clamps i 200.00 002 
Valve Boxes and Covers 136.00 001 
Total Direct Material 7692 00 084 
Total Direct Cost . 18642 00 204 
Labor Indirects: 
Labor Expence. . . * 42, 40.00 001 
Sa Expense... . | *7 3% £00.00 009 
laulage. a *§ 89, 750.00 008 
Construction Equipment Exp. | * 3% 35.00 
Mise. Installing Equipment. - ae 18.00 
Total Labor Indirects. 1643.00 018 
Material Indirects: 
Supply Expense. . **4 59 350.00 004 
Protective Coatings... ... **4.7% 360.00 004 
Misc. Installing Material. . . **3 97 300.00 003 
Total Material Indirects 1010.00 011 
Total Indirect Cost. . 2653 .00 .029 
Total Base Cost. 21295.00 233 
General Construction Cost 
(Exclusive of Interest). . 5040.00 056 
Total Excl. of Interest 26335 .00 289 
Interest During Construction (2% of $26335.00) 526.70 006 
Total Cost $26861.70 295 
*Percentage of Direct Labor. 


**Percentaze of Direct Material. 


Discussion of Analysis of Work Order No. 6453 


The last illustration is a sample Cost Summary for the installa- 
tion of 1-in. Services for a period of three months and is very 
similar to the Cost Summary for the installation of a single unit 
of equipment. 
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Purchase of Incidental Material Items* 


HIS committee was requested to study the subject of handl- 

ing the purchase of items of incidental character, and the 

result of letters sent to the various companies is summarized 
as follows: 


General Storeroom District Storeroom 


Petty Cash Fund 1 2 
District Operating Fund l 
Emergency Purchase Order 2 3 


There is a wide difference in the use of the Cash Fund by the 
different companies. 

One company has a district operating fund as high as $1,000, 
paying all local purchases within a limit of $150. In connection 
with this fund an Emergency Purchase Order is also used fot 
authority to deliver and bill the material. 

One company uses a Petty Cash Fund in both yeneral and 
branch stores to pay cash for any small purchases. The limit is rather 
flexible, material purchases are limited usually to $2, but express 
and truck freight charges are all paid out of this fund. No 
purchase order is issued, but a receipted bill or employees signa- 
ture on the Petty Cash Form is required with the account number 
to which it is to be charged. 

Two companies of the group use the above system in the dis- 
trict stores. For material purchases over the $2 limit, but still 
in the incidental class, an Emergency or Branch Othce Purchase 
Order form is used, charging the material to the company. 

One company makes all small purchases through the Emergency 
Purchase Order, within a $5 limit. 

It would seem where small miscellaneous purchases have to be 
made, a petty cash fund would save considerable detail work, as 
it eliminates the issuing of a Purchase Order, and the vouchering 
and mailing of a number of checks, as a number of petty cash 
slips can be grouped together in one voucher which is made out 
to reimburse the petty cash fund when needed. 


* Rerort of Committee on Purchasing and Stores: Geo. M. Riblet, Chairman; 
S. D. Cons. G. & E. Co.; J. W Cook, P. G. & E. Co.; W. Giese, So. Counties 
Gas Co.: J. G. Hawkins, Port. G. & (¢ Co.: Wm. Maddock, L. A. G. & FI 
Corp.: L. H. Prentis, Tucson Gas, Elect. Lt. & Pr. Co.; J. L. Rometch, Spokane 
: oe 


G. & F. Co.: A. R. Trautwein, So. Calif. Gas Co. 


Merchandise Accounting and 
Budgetary Control 


By G. F. MACKENZIE 


Portland Gas & Coke Company 


, 
’ 


Vote This paper is in part, a further development of the 1929 
Sales Budget Committee of the Commercial Sect: ym, entitied Salt Det 


Paul made an observation in a letter to some of his friends 

which might well be seriousy considered by utility execu- 
tives of today. This is what he said: “. the body (corpora- 
tion) is not one member (unit) but many. If the whole body 
were an eye where were the hearing? If the whole were hearing, 
where were the smelling? And the eve cannot say unto the 
hand, I have no need of thee: nor again the head to the feet, I 
have no need of you. Nay, much more 
those members of the body which seem 
to be more feeble are necessary.” 

Even admitting the accounting unit to 7 
be one of the “more feeble members” 7 
mentioned, it is as essential to the life of j 
the body as any of the stronger members, 
and if it be kept in a healthy condition 7 
—that is to say, if it functions properly— 
the results are the strengthening of all 
the other members of the body as a whole. 
To reduce this thought to the subject un- 
der discussion: An intelligent, sympa- 
thetic contact between sales department 7 
and accounting department can _ result q 


INU (Paul mad hundred years ago a gentleman by the name of 


Ss 


. - W, 
only in benefit to both departments and — ee 


can be of great assistance in the solution 
of many sales department problems. GF 
Two major problems present them- 

selves in the consideration of mer- 

dise sales accounting. First, the establishing of a unitorm 
classification of accounts, and second, a method of apportioning to 
Merchandise Sales Expense those expenses which are interwoven 
with New Business Expense. The latter problem needs no intro- 
duction to anyone who has had practical experience with mer- 
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chandise acceunting. These subjects have been very ably and 
clearly discussed in the report of the Joint Committee representing 
the Accounting and Commercial sections of the American Gas 
Association, submitted at the 1929 convention and sponsored by 
H. C. Davidson of the Consolidated Gas Company of New York, 
and to every utility new business manager and accountant the 
report is highly recommended as being an intelligent and com- 
prehensive treatise. This report concludes, in respect to the division 
of costs between New Business Expenses and Merchandise Ex- 
penses, “that it could not safely adopt or recommend at this time 
any formula of ‘average conditions’ based on arbitrary estimates, 
by which the expenses of sales of the various classes and types of 
appliances might be divided between merchandising and promo- 
tion.” It is, of course, possible and practical to establish a uniform 
classification of accounts for Merchandise Sales Expense, but oper- 
ating conditions vary to such an extent in different organizations 
and different localities, that is mot possible to establish any uni- 
form method of apportioning costs between New Business Expense 
and Merchandise Expense. The only disadvantage accruing to the 
lack of such a uniform apportionment, so far as can be seen, is the 
inability to compare the merchandising results of two or more com- 
panies and as I believe this type of comparison to come under the 
head of “invidious,” the lack of such uniformity seems to entail 
no great loss. Without a thorough understanding of the policy 
behind the merchandise accounting as well as a knowledge of 
operating conditions no proper comparison of results can be made. 

Apportionments must always be of an arbitrary nature, and it is 
possible to go to an endless amount of trouble in an effort to secure 
merchandise costs with an attempt at accuracy, by splitting each 
individual item between these two types of accounts. In the final 
analysis, however, the results are purely arbitrary and for this 
reason a method has been advanced which does away with all 
splitting of individual charges and seems to result in a statement 
of cost which is just as satisfactory, if not more so. The plan 
consists of charging to Merchandise Expenses all direct costs, such 
as the cost of merchandise, installation costs, transportation costs, 
stores costs, repairs and servicing costs; charging to New Business 
Expenses all other costs (selling expense, advertising, supervision, 
rents, etc.), and at the end of the accounting period transferring 
from New Business Expenses to Merchandise Expenses an amount 
estimated to be the proportion of these expenses which properly 
belongs to Merchandising Expense. It is believed that this plan 
offers a solution to the problem of apportioning these costs, and 
is certainly worthy of consideration by utility new business man- 
agers and accountants. The diagram in Fig. 1 is an attempt to 
illustrate both the problem and the suggested solution. 


«s@e Sales Expenses 


Revenue ‘from Mdse. Sales (Credit) 


Vv 


New Business Expenses 


New Business Management Cost of Sales 


Salaries Cost of Mdse. Sold 
New Business Advertisir. Cost of Installations 
Salaries Cost of Repairs & Servicing 
Demonstrations Delivery Exnonse 
Advertisinc Sup-lies é Stores <xpense 
expenses 
Canvassing & Solicitir. Transfer Sales Oxpense 
Misc. New Business from to ————p lew Business Exp. Transferred 


Supplies & Sxpens an amount rep=- 


Mdse. & Jobbing New resenting the Other expense & Interest 
Business Expense proportion of Uncollectible Accounts 
Transferred (Credit) New Buse Oxpe Insurance 

Applicabie to Taxes 
Mdse. Sales Interest 
Fig. 1. 


But whatever method may be employed for your apportionment 
otf costs which are common to New Business and Merchandising, 
the New Business Manager may accept the reports produced by 
the accountants without alarm and with the assurance that they 
will accurately show his progress in the merchandising business. 
It matters very litthe what method of apportionment may be used 
provided that it remains unchanged for a sufficiently long period 
to provide a basis for comparative costs. The direct charges to 
Merchandise Sales will always be accurate, but the overhead or 
indirect charges can be used only for the purpose of a barometer 
to show the trend of overhead expenses. 

Gas utilities are in the business of selling gas, and merchandise 
sales, therefore, must always be considered as a means of increas- 
ing gas consumption and as one item in the New Business budget 
of expenditures. The control of merchandise expenses must come 
from the merchandise accounts, but in the analysis of the New 
Business situation the New Business Manager must consider his 
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efforts from the result of the combined New Business expense and 
Merchandise expense. The New Business Department has as its 
objective the increasing of gas consumption, which is attained by 
securing new customers and increasing the consumption and pre- 
venting the loss of old customers. For this purpose a sum of money 
is set aside at the beginning of the year and it makes no difference 
how this money is expended if the desired results are obtained. 
The money may all go as merchandising loss, as newspaper ad- 
vertising, or in any one of a number of ways, and no one can 
raise any objection provided the proper amount of additional 
annual revenue is produced to warrant the expenditure. 


At the end of an accounting period statements are produced 
which show the expenditures of the New Business Department 
against which may be set the achievements of the department for 
the same period. From the standpoint of the New Business Man- 
ager, however, this is not sufficient to insure efhcient operation. 
He ought to know the story throughout the accounting period so 
that he may be fully conversant with the operation of his depart- 
ment and be able to answer questions which are inevitably asked 
as soon as the financial statements are produced. For this pur- 
pose some control is needed outside of the accounting for by the 
time the figures are spread on the cost ledger they are to a cer- 
tain extent cold, and considerable analysis is necessary before facts 
are obtainable. 

The proper time to control expenses is not at the end of the 
month’s business but at the time obligations are to be contracted. 
It is more logical to try to control a budget by means of “Can I 
afford this expenditure” than by “I should not have committed 
myself for that amount.” If this is to be done it stands to reason 
that some running account of the month’s accumulating expenses 
must be maintained to enable one to judge whether or not an ex- 
penditure can be afforded. This type of record may be called 
“Budgetary Control” and it is this feature which I believe to be 
of more value to the operating of the New Business department 
than the accounting classification of expenses. 


Fundamentally, the plan is simple. A certain sum of money, 
known as the “budgeted amount,” is set aside for a particular pur- 
pose to be expended over a fixed period of time. As this money 
is spent a cumulative record is made of the amounts expended and 
compared with the budgeted amount, the comparisons affording a 
method of controlling expenditures and showing the benefits de- 
rived from these expenditures. It may be argued that this is 
accomplished by the accounting system—and so it is to a certain 
degree, but the accounting period is always too long, and charges 
take too much time in being recorded to afford an adequate control 
of the situation. Unless these expenditures are watched from 
day to day in conditions surrounding a New Business department 
no adequate control may be maintained. I believe that few busi- 
ness men of today are ignorant of the value of budgetary control, 
and I believe also that few utility New Business managers of 
today practice such control. Undoubtedly each utility allots an 
amount of money each year for new business enterprises, which 
is part of the annual budget of the utility, but unless expenditures 
are watched daily and in relation to the budgeted amount a man- 
ager cannot be said to be practising budgetary control. 


The success of budgetary control lies primarily in the prepera- 
tion of the original budget. Careful and painstaking effort is neces- 
sary in laying out a financial program for any period, for any 
type of business enterprise and the new business budget is, per- 
haps, the most difficult of all budgets compiled by the utility. 
The production and distribution budgets may be predicated upon 
the sale of gas which is more or less of a known quantity; the 
construction budget is fixed, to a large extent, by certain definite 
plans decided by the management at the beginning of the year, 
but the mew business budget has more variable items to be con- 
sidered than all of the others, and perhaps it is for this reason 
that new businesss managers have been loath to adopt this con- 
trolling plan. However, I do not believe that the obstacles are 
insurmountable. Start with a budget compiled to the best of 
your knowledge of available facts governing your projected enter- 
prises for the year; consider carefully your previous expenditures 
in the light of results obtained; lay out your campaigns, extraor- 
dinary advertising and unusually heavy items of expense and when 
this is accomplished censider that it is only a starting point and do 
not be afraid to amend it each month, if necessary—as unexpected 
conditions arise. If the budget be intelligently compiled it can 
obviate the necessity of comparisons of current costs with costs for 
the same period of the preceding year and confine the compari- 
son entirely to the budgeted amount, for the reason that last 
year’s results are reflected in the budget. In some instances last 
year’s figures may be valuable and there is no reason why they 
should not be used if occasion arises. 

This plan was considered by the Sales Budget committee of the 
Pacific Coast Gas Association in a paper presented by C. R. 
Miller at the 1929 convention, and as recommended by that com- 
mittee consisted of a series of division budgets, which, when con- 
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solidated, constituted the budget for the entire department. At the 
beginning of a month all of the fixed costs of the department, 
consisting of payroll, rent, light, heat, etc., are apportioned to 
the various divisions (Field sales, Salesroom, Apartment House, 
Refrigeration, etc.) and reduced to a daily cost basis. This is 
primarily for the benefit of each division head, who then has a 
daily cost figure which enables him to watch the progress of his 
force throughout the month and keeps him in touch with the 
activities of his division at all times. Variable charges for each 
division are reported daily to the division head as they occur. 
Against these daily costs, which are accumulated throughout the 
month, are set the attainments of his division in customers gained, 
estimated annual revenue and any other special items which may 
be thought advisable. The presence of the budgeted amount at 
all times in the mind of the division head makes for economy and 
a proper control of expenses, for in many instances he is the 
man who spends the money and he alone can do the economizing 
for his division. With this type of control each division head is 
always “cost conscious,” which is a state of mind most valuable to 
any organization and which is impossible of achievement without 
some such method. A few minutes’ study each day keeps the 
New Business Manager thoroughly conversant with the state of 
his whole organization and enables him to foresee conditions of 
which he would otherwise be entirely ignorant. 


The general budgetary control is the summation of the division 
budgets plus those items which it may be found inadvisable or 
impossible to assign as division expenses. From time to time it will 
be found that certain special efforts (like cooking schools) will 
require individual budgetary control, so that a fixed list of division 
budgets can not be maintained at all times. These special efforts 
should be very carefully followed as this is the type of expense 
which generally overruns the original estimate. 


It is essential that information for this type of control should be 
obtained at the source—that is, at the time expenses are incurred 
and sales orders turned over by salesmen. This means, then, that 
some person in the department will have to be responsible for 
obtaining the information, through whom all expense and sales 
orders will have to be cleared. In a well-regulated organization 
this is not difficult as most expenses of a variable type consist 
of requisitions on purchasing agent and storekeeper and vouchers 
for special allowances, and as all charges to New Business and 
Merchandise accounts should bear the approval of the New Busi- 
ness manager or his representative it should be an easy task 
to obtain this information as soon as the expense occurs. The 
assigning of expenses to divisions will resolve itself into a com- 
paratively simple problem with an intelligent survey of expenses 
and organization. Many of the expenses will have to be esti- 
mated—but it will be found that close estimates can be had after 
a little experience, as close as 5 per cent of actual book figures, 
which is quite accurate enough for the purpose of control. 


It must be remembered that the accomplishments of the sales 
ferce will never be reflected in the earnings report at the end 
of the month. Orders are secured for future delivery, new custo- 
mers secured which will benefit the gas sales for several years, 
so that the New Business manager must consider the success 
of his force from the standpoint of the reports compiled in con- 
nection with his budgetary control and not as reflected on the 
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financial report. However, if the control shows a satisfactory 
result then financial reports cannot fail to follow. Take care of 
your budgetary control and the financial statement will take care 
of itself. The budget clerk should, of course, reconcile his figures 
with the financial statement upon issuance and this will not be 
hard to accomplish. 

This plan may look like a duplication of accounting, but this is 
not the case, as the problem is attacked from an entirely different 
angle. With this plan you can forget your accounting entirely so 
far as results are concerned and can know the results of your 
monthly operation before the books of account are closed, which 
every manager must confess is a decided advantage. 


The expense of budgetary control should not cause any alarm. 
A study of your situation may reveal that it may be accomplished 
at comparatively small cost as you will find it entails much work 
which you are doing already in the matter of preparing daily 
reports. 

Many points affected by local conditions will have to be worked 
out—no two companies can possibly have the same set-up—but | 
feel confident that, with the proper amount of earnest effort any 
set of conditions can be properly resolved into a satisfactory form 
of budgetary control, and any new business department benefit 
considerably from its use. 


The forms suggested herewith give a practical illustration of 
the development of this plan. 


Total Budget—Form No. 1 


This form is compiled at the beginning of each month, the total 
budget figure in column 1 agreeing with the amount shown for the 
month on the annual approved budget, which, as already explained, 
should be amended from time to time as necessity demands. The 
total costs for the department are divided into Fixed Costs, Variable 
Costs and Cost of Merchandise Sales. The Fixed Costs are those 
known items of expense which will inevitably occur during the 
month. The Cost of Merchandise is the amount of money which 
it is necessary to spend on account of merchandise orders booked. 
This includes the cost of appliances sold, installation costs, stores 
expense, cartage costs and accounting expenses, all of which are 
in most instances delegated to some department other than the 
New Business Department. This cost may be figured as the per- 
centage of the sales prices as it has no particular bearing on the 
operating expenses of the various divisions, but must be included 
in the budget as it represents an amount of money to be provided 
on account of the operations of the New Business Department. 
Variable costs represent the difference between the Fixed Costs 
plus the Cost of Merchandise Sales and the Total Budget. All of 
these costs are then assigned to various division budgets as shown. 
Salaries are apportioned on the basis of distribution of employes 
and it will undoubtedly be necessary to compile this information 
on a supporting sheet. The rest of the expenses under Fixed Costs 
are apportioned to the various divisions on as nearly an accurate 
basis as is possible. When these apportionments have been com- 
piled it will be found that all of the expenses of the department 
have been assigned to division budgets. The last three items 
on the sheet represent the expected accomplishments of the depart- 
ment segregated by divisions. 


FORM NO. 1—NEW BUSINESS DEPARTMENT BUDGETARY CONTROL 
TOTAL BUDGET 
JUNE, 1930 


Fixed Costs: Budget No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 No. 8 No. 9 
House Demon- Supt. and Branch Mdse. 
Total Field Sales Heating Refrigerator stration Display Office Store Advertising Sales 
I on i 8 4.140 850 490 500 240 200 1,500 160 200 
i i cs 280 20 20 20 40 10 100 50 20) 
Light and Heat............ 111 10 8 5 15 40 20 5 
(, | SP ores 60 5 5 5 i 2 10 5 
Misc. Ofhce Expense.. 310 90 45 45 50 ae 50 30 
Automobile Expense.... 200 20 15 15 10 10 100 20 10 
Total Fixed Costs........ §,101 995 583 593 350 235 1,815 290 240 
Daily Fixed Costs........ 204.04 39.80 23.32 23.72 14.00 9.40 72.60 11.60 9.60 
Variable Costs -........... 3.525 450 375 450 300 150 225 75 1,500 
Cost of Merchandise 
a Sr iy a a ae I hs i tai 15,000 
Total Budget ................ 23,626 1,445 958 1,043 650 385 2,040 365 1,740 15,000 
Estimated Results: 
Merchandise Sales 18,500 7,000 3.000 Serco 1.500 
| New Customers .......... 35 25 3 See eee 5 
Increased Estimated 
Annual Revenue MCF 9,072 2,000 3,500 2,200 $72 
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FORM NO. 2— NEW BUSINESS BUDGETARY CONTROL 


DAILY VARIABLE COST RECORD 
JUNE 2, 1930 


7 7 as ii, 7 
ro + op atten ie ana ali 
Pesce Sa 


SAE bil beh ghia La 


Budget No.1 No. 2 No. 3 No. + No. 5 No. 6 No. 7 No. 8 No. 9 
Field House Refriz- Demon- Dis. Supt.and Branch Adver- Madse. 
Ref Total Sales Heating erator str’t’n play Ofhce Store tising Sales 
Expenses 
16 Cooking School Supplies..$ 1840 2 22 eee. SUI 25 Seceabchikd-.' <<F kukaetbal >. a eee? 0) il apbheeih 2 | ances 
17 Silk and Velours ON a i as Ml Fa ea SRE at OM CP aa cs ne SR ee a 
18 Space at Washington 
County Fair RRR SaaS Ae OR ee I alae ig iW Bie MIN A a Git ka kee ie 
Telephone Tolls 18.50 1.60 2.50 ee eee OG of 3. me 
19 Journal Advertising ......... 78.00 maple cs alee 2) ieee Sleds os ean 78.00 
2675 Allowance on Furnace...... eas ae ae RMR PS SS ace ae he OA oer ee GE ke eR CS Gee FA es ose Oe 
I a 9 i ae NO a eee Fes een oe Bs i ED 5S ee ee 
Cartage sineiinseineiapeagibaninte Os 5 aes <-". siegeme ey 2 <> alge ta Olt ptaakiaals kim.” Cia ae. <> ebe sae ee 
Mdse. Sales Costs.......... ee eae eR i SEE py cs We, a, Se” WR SEE Pee Se Raw en oad, +3 Og Pees or ee 382.40 
SBE 37.60 8.80 19.40 Se: 38 Se ea 6 ee MT Ss! Scie, Bee * 
ge |” S Geena $646.00 10.40 29.40 9.00 103.49 2.60 9.40 5.40 94.00. 382.49 
Merchandise Sales 
28674 Smith Ear 30,000......... DE oe are ane van ee ER Ra ape ae RA SR ge >a ara ee en te A 
28742 Jones 6,000.......... 10.90 10.90 TANS oe aE cs eG a ND > Apa EOP Fy Ma rh Pg te Re a a PS 
28826 Brown §5,000....... ES I a ra RSA TS, A feo Pe fa eg Te eee ei eee rs bee Se Ae dee ei oh ke a 
28827 White 8$,000....... 25.00 25.00 ORI a Lane ee otra NRE Spine SPN a ae, Vee ot SO ae | RT ke © Sn aR ae Nee oe Ie 
et Cee 7.10 Rm SRO aaa ere F Sia Se ig BM aA ie rN SB Ser ee A aS ee Ce 
28842 Gray 10,000........ gen Re i EA le am <> - A Oe eee gL i RS ROSS ers cso aan Li 
29103 Nelson 38,000.._.... Se RRR ORE: SSO SAL Dee Raa CRORE oer © 3. ST ae | oP eR tae & ee 
29006 Adam 20,000... 114.00 EE a ee: GE ae Se oS Se SPIE RC? oN Oe IS BU > a ame a ne 
Total Mdse. Sales............ 478.00 157.00 199.00 I 2S 8 ae a es RRR SS age IEN cok aia eran 
Est. Annual Rev. M.C.F. 167 34 93 Be te es eee eee ELLE 
New Customers 
Smith ...... os ie ER ESI ot er Lee aa RB ac eee op Se nea ce ie ae sy RN re Pe a ea a Oe 
Brown REE Ae eee as l a a a a aa a ee ea a a Rh RSM Bh 
a 28D MENS On Be ene Be, = nnn, Teenie ~ penetrate SS: mentee = aap 1 minaret 
Adam eal he chicas | AL STR SaaS MRR PRE RRR SX: Se IES A SIR A 5 SO, TE WS Be 
Total New Customers...... 4 2 ] Bs to Aar- eeetad clase as |. eine 1 eid <-- pakke 
FORM NO. 3—FIELD SALES DIVISION BUDGET—JUNE, 1930 
Merchan- 
Variable Total Cost Budget Ac- dise New 
Date Fixed Cost Cost Accumulated cumulated Sales Customers E.A.R. 
Fixed Cost 995.00 1 Sunday AL SS EE nase oe ose Ps eee rea sd Pa 
Variable Cost 450.00 2 39.80 10.40 §0.20 57.80 157 2 34 
3 39.80 32.50 122.50 115.60 325 100 
Total Cost 1,445.06 4 39.80 25.00 187.30 173.40 200 67 
5 39.80 82.70 309.80 231.20 800 ] 260 
Mdse. Sales Bogie 7,000.00 6 39.80 31.00 380.60 289.00 260 4 50 
New Customer Bogie.... 25 7 39.80 14.00 434.40 346.80 140 3 101 
E. A. R. Bogie M.c.f..... 2,000 Sub 238.80 195.60 434.40 346.80 1,882 10 612 
8 Sunday 
9 39.80 
10 39.80 
11 39.80 
12 39.80 
13 39.80 
1+ 39.80 
Sub 


Daily Variable Cost Record—Form No. 2 


All transactions in connection with the New Business Department 
must pass through the Budgetary Control Clerk. As he receives 
purchase orders, store requisitions and vouchers he must first de- 
cide whether or not they come under the head of Fixed Costs 
or Variable Costs. If they be Variable Costs they must be listed 
on the sheet and assigned to the division budgets. Merchandise 
Sales Costs, as already explained, may be figured as a certain per- 
centage of total merchandise sales for the day which are also 
listed on this sheet and assigned to divisions in the same manner 
as the variable expenses. Commissions can also be figured from 
merchandise sales orders as they are received, likewise the Esti- 
mated Annual Revenue in M.c.f. and the New Customers. As 
this sheet is completed each day the totals appearing thereon 
are transferred to the division budgets and information is for- 
warded to each division head which enables him to make the 
current entries on his copy. It should not be necessary to report 
to division heads any figures except totals, and if there is any 
question raised as to the correctness of division assignments, this 
sheet will furnish the detailed explanation. 


Monthly Division Budgets—Form No. 3 


From the information appearing on the total budget sheet, a 
Monthly Division Budget is prepared for each division. 
top of the sheet is noted the total monthly fixed costs, variable 
costs, merchandise 


hole. 
visable. 


accumulated the daily budget. 


Co um 


Cost Record. 


n 1 


sales 


bogie, 


hew 


customer 
shows the monthly fixed costs 
daily basis, a sub-total being provided every seven days which may 
be substituted for the daily accumulative basis if considered ad- 
Column 2 contains the daily variable costs procured from 
the Daily Variable Cost Record. Column 3 shows the total accumu- 
lative division costs to be compared with column 4, in which is 
The last three columns show the 
results of the division and are procured from the Daily Variable 


bogie, E. 
reduced 


The division head maintains a copy of this shéet from informa- 
tion supplied by the budget control clerk who advises him daily of 
all items appearing on the Variable Cost Record applicable to his 
division. This is, perhaps, the most important sheet of the budget 
control records as it keeps the division head thoroughly in touch 
with the division accomplishments and expenses. 
sion budget sheets comprise the total new business budget control. 


Totals of all divi- 


setesseitie 
MTR 


On the 
A. R. 


aah ei £1 


Ee 


4 pws et ok eee 


i 


Sy 


Pape: 


September, 1930 


FORM NO. 4—FIELD SALES DIVISION BUDGET—ACCUMULATED RESULTS FOR YEAR OF 1930 


Mdse. Sales 


Month Budget Total Costs Bogie 
Jan. bal . 1,950 1,875 6,000 
Pee. kc, a . 1,900 2.067 7.500 
3,850 3,942 13,500 

Mar. gs nn 1,419 7.200 
5,370 5,361 21.700 

Apr. Pe 2,900 8.400 
7,370 8,261 30.100 

May 1,600 1,746 7.800 
8,970 10 007 37.900 

June ... 1,445 1,300 7,000 
10,415 11,307 44,900 


Accumulated Results for Year—Form No. ¢ 

One of these sheets is to be prepared for each division and a total 
sheet representing the results of the entire department is compiled 
by the addition of all of the division sheets. This is the final record 
of the budgetary control and shows at a glance the progress of 
each division and the department as a whole. This type of record 
is particularly valuable in predicating budgets and bogies for suc- 
ceeding years. 
Reconciling Budgetary Control With Financial Statements 

As previously stated, many transactions of the New Business 
department are not entered upon the books of the company in the 
same month in which they actually occur. Commitments may be 
made several months in advance; sales orders accepted for future 
installation and current sales orders delayed for a considerable 
period of time for many reasons. However, there is no reason why 
these transactions should not be recorded on the budgetary control 
as soon as they occur. It frequently happens that the New Busi- 


Customers’ Deposits* 


N analyzing the question of Customers Meter Deposits, 
we find that the member companies operating in states other 
than California are fairly well satisfied with the results of 

the application of their state regulations. Because of this fact it 
has seemed well to give consideration to the regulations covering 
Customers Meter Deposits in our sister states. 


ARIZONA 


Establishmeni and Re-Establishment of Credit 


Each applicant for service will be required to establish his credit 
to the satisfaction of the Company before service will be rendered. 


(a) Establishment of Credit: The applicant’s credit will be 


deemed established: 

1. If applicant is owner of premises upon which the company 
is requested to furnish service. 

2. If the applicant makes a cash deposit with the Company to 
secure the payment of any bills for service to be furnished by the 
company under the application as provided in Rule and Regulation 
No. 6 (a) herein contained. 

3. If the applicant gives satisfactory guarantor, such as a prop- 
erty owner and a consumer who is in good standing on our records. 


(b) Re-Establishment of Credit: 


1. An applicant who has been a customer of the Company, 
and whose service has been discontinued for failure to pay his 
bills within the period as set forth in Rules and Regulations No. 13, 
shall be required to re-establish his credit by making a cash deposit 
with the Company, and to pay to the Company all delinquent bills. 


Deposits 


(a) Residence or Domestic Service: 


*Report of (Committee on Customers’ Records: (), & Moore, (Chairman. aa \ 


G. & E. Corp.: W. E Cook, Spokane Gas & Fuel Co.; KF. F. Dehn, Southern 
Counties Gas Co.: R. J. Fabel, Tucson Gas, Elect Lt. & Pr. Co.: \ R. F ster, 
San Diego Cons. G. & E. Co * €. Ingram. So. Calif. Gas Co.: P. C. Miller, 


iy 
P. G. & E. Co.: F. L. Nagel, Port. Gas & Coke Co. 


Merchandise Customer Customers E.A.R. E.A.R. 
Sold Bogie Secured Bogie Secured 
5.960 1S 14 2.400 2.38 
7,900 18 10 2.700 2.942 

13.860 36 24 5.100 5.329 
7,146 18 24 2? 800 2? 640 
21,006 54 48 7.900 7.969 
8,129 30 29 3,200 3.042 
29,135 $+ 7/7 11,100 11,011 
7,940 18 12 2 900 3.014 
37,075 102 89 14,000 14,025 
6,050 25 30 2 500 2190 
43,125 127 119 16,500 16,215 


ness manager will contract his advertising for a period of six 
months or more, and so far as the budget is concerned the amount 
of the contract is already spent and must be considered so in rela- 
tion to his budgetary control. This situation necessitates a recon- 
ciliation each month between the control and the financial statement 
and is effected by the budget control clerk keeping notations of al! 
amounts inserted in the control which he knows will not affect the 
financial statement for the month. It naturally follows that such 
information necessary to reconcile these two statements would not 
be of a monthly nature but will have to be carried forward from 
month to month during the life of the budget. 

Much of the success of this plan rests with the budget contro! 
clerk who should be the type of man given to analysis and capable 
of appreciating the problems that may arise during the course of 
the budget. A thorough understanding of the principles of con- 
trol in their relations to the incoming and outgoing transactions of 
the department will insure satisfactory results after one or two 
months’ experience. 


The minimum amount of a cash deposit to establish credit re- 
quired of applicants to obtain gas service for residence or domestic 
service shall be five dollars. 


Discontinuance of Service 


(a) Non-Payment of Bills: 

A consumer’s gas service may be discontinued for non-payment 
of a bill for service rendered, provided that the bill has not been 
paid within ten calendar days after presentation. Service will not 
be discontinued, however, without formal notice to the consume! 
in writing that the account is delinquent. 

A consumer’s gas service may be discontinued for non-payment 
of a bill for service rendered him by the Company at a previous 
location, should the consumer by subterfuge secure service through 
other persons. 


OREGON 


Any utility may require from any customer or prospective cus- 
tomer a deposit on account of current bills (1) in the case of 
customers whose bills are payable in advance, not to exceed an 
estimated 30 days’ bill; (2) in the case of customers whose bills 
are not payable in advance, not to exceed the estimated 60 days 
bill of such customer. Interest thereon, at the rate of six per cent 
per annum, payable annually or upon the return of the deposit, 
shall be paid by the utility to each customer making such deposit, 
for the time such deposit was held by the utility and the customer 
was served, unless such period of time be less than three months. 

No utility may require from any customer or prospective cus 
tomer a deposit to pay any part of the cost of installation, except 
under rules and regulations approved by the Commission and set 
out in the published schedules of the utility. 

No rental shall be charged by an utility for any meter installed 
by it, which is used by the utility as the basis for the rendering 
of bills. 

WASHINGTON 

The utility may require that each customer deposit with it a 
sum which shall not exceed the amount of the bill which it is 
estimated will accrue during two normal b'lling pertods. Interest 
at the rate of six per cent per annum, upon the amount so deposited 
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shall be paid to the customer, upon refund of such deposit or shall 
be paid annually to the customer upon demand. 

Upon the termination of service, for any cause whatsoever, the 
utility shall return forthwith to the customer the amount then on 
deposit plus accrued interest at six per cent per annum to the date 
of termination, less such amount as then shall be due the utility 
by the customer for service rendered at the address at which the 
service is terminated. Interest shall be computed to the nearest 
month and no interest shall be paid on deposits held less than six 
months except as hereinafter noted. 

When the deposit is returned, prior to its having been retained 
for a six months’ period, for any reason other than termination of 
service, then interest computed as specified above shall be paid for 
the number of months it is held. 

A receipt shall be furnished to each customer for the amount so 
deposited. 

Such deposit shall cease bearing interest on the date of termina- 
tron of service. 

Nothing in this rule shall prevent the requirement of an addi- 
tional deposit or a new deposit when conditions warrant. 


Comparison with California Rules 


By comparison it will be seen that in Arizona, Oregon, and Wash- 
ington, the minimum deposit prescribed by the regulatory bodies is 
either $5.00 or an amount equal to the estimated consumption of 
gas for 60 days. Addressing ourselves to the amount of the de- 
posit prescribed for domestic consumption in California, we find 
that the present minimum of $2.50 per meter was established in 
1915. The average monthly bill for gas during that year was 
$1.66 based upon the records of one of the larger utilities in the 
state. The same utility’s records indicate that the average monthly 
bill for 1929 was $3.33. Based upon this average, it will be seen 
that the deposit of $2.50 is palpably inadequate to care for the 
closing bill which under present regulations can easily run at least 
one month and a half. Since the arithmetic average shows this 
condition to be true, how much more apparent is the inadequacy of 
the $2.50 deposit when closing bills cover consumption during 
the colder periods of the year. It seems that there should be no 
great difhculty in securing the approval of the California State 
Railroad Commission to an increased meter deposit in the event 
that it was the consensus of opinion among California companies 
to make such application. 

The other methods for the establishment of credit in Cal:fornia 
are—first, that the consumer be owner of real estate; second, that 
he be an old consumer in good standing; and third, that he secure 
a guarantor satisfactory to the utility. 

In actual experience the establishment of credit based upon the 
asserted ownership of real estate has been found to be lacking in 
security. It is highly impracticable to verify statements of owner- 
ship. Such statements have to be accepted upon their face value. 
Then when closing accounts are to be collected, it is found that 
the customer either misrepresented the ownership entirely, or held 
such a flimsy equity that there is no asset remaining in his posses- 
sion. 

With reference to the establishment of credit by an old consumer 
in good standing, this is also carried into effect in connection with 
the refunding of deposits after bills have been paid with average 
promptness over a period of 12 months. The closing bill then with- 
out any security to care for it becomes an uncollectible item in 
many of the cases where current bills had been promptly paid 
long enough to provide the return of the deposit. The collection 
of current bills without loss is not the problem of the utility. The 
losses are on account of the closing bills. It has not proven to be 
indicative of a good credit risk to find current bills paid with 
average promptness during one year. Rather it is merely an indi- 
cation that the customer is desirous of not having his service dis- 
continued. 

The use of a guarantor as a means for the establishment of 
credit has proven, we believe, without exception to be a very 
troublesome arrangement. Utility ccompanies cannot consistently 
decline to accept as guarantor he who would himself be accepted 
as a good credit risk, so that the guarantor holds that since he has 
established his own credit by any of the methods provided he 
should be accepted as a satisfactory guarantor in the establishment 
of the credit of another. His ability, therefore, to guarantee the 
account of a second person is as faulty as the methods for the 
establishment of credit themselves have proven to be. On the 
other hand, from a public relation standpoint the enforcement of 
the payment of a bill by a guarantor for service which he has not 
used, or which has not benefited him personally, makes a very 
dissatisfied and unfriendly patron. 

Another point in the California regulations, which we do not find 
in the regulations of our sister states, is the requirement to serve a 
customer, who has made a deposit, until the deposit is entirely 
absorbed, or apply the involved ruling which makes it possible for 
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the utility company to demand the restoration of the deposit after 
the amount thereof has been depleted on account of an unpaid 
bill. It can be seen at a glance that the amount thus required to 
replenish the deposit is exactly the amount of the bill for which 
we in California are not permitted to discontinue service. ‘The 
inequity of this regulation seems to be obvious. It seems that with 
the placing of a deposit regardless of its size a customer has 
merely established his credit and has placed with the utility a 
guarantee that the final bill for service, for the enforced col- 
lection of which the utility has no leverage, will be paid. The 
depositor has placed himself, it would seem, upon an equal foot- 
ing with the owner of property, the old consumer in good standing, 
or the consumer who has secured a guarantor. Those falling into 
these three latter classes are expected to pay their current bills for 
service in accordance with the regulations. After that time the 
utility company is permitted, after proper notice is given, to dis- 
continue the service. In the case, however, of the depositor the 
utility company may not discontinue the service so long as the 
security in the form of a deposit is in their possession and is in 
excess of the amount then due. A change of this regulation might 
be possible with our California Commission if utilities of the state 
were a unit in such request. 

Many of the member companies of our Association are seriously 
questioning the economic value of the $2.50 deposit. It is not hard 
to figure that the amount of expense in records and clerk hire 
necessary to properly record these many small deposits is greater 
than the amount of collections provided by them. Particularly is 
this true when it is a known fact that some of the closing bills 
which are paid from depositors would be paid whether there were 
deposits or not. 

It has been advocated by members of this committee that the 
establishment of credit with utility companies be placed upon the 
same basis as that in any mercantile business. This, however, leads 
to charges of discrimination and also makes it necessary for the 
utility company to be as lenient perhaps as the most lenient mer- 
cantile establishment in the city, regardless of the financial ability 
of the consumer. In the present day of easy credit it is doubtful 
if the utility company should take the chances in connection with 
uncollectible bills that are taken by installment houses and other 
merchants who are clamoring for business. ‘The fact that the 
utility company is operating for all of its customers and that un- 
collectible bills are recognized as operating expenses in the fixing 
of rates should cause the utility to be extremely careful in the 
offering of credit which would result in abnormal collection losses. 

Your chairman after digesting the valuable information furn- 
ished by the members of the committee and after analyzing care- 
fully the whole deposit situation in California is leaning very 
strongly toward a very radical change. In view of what has been 
said regarding the methods for the establishment of credit now 
existing and the enormous cost of handling small deposits, coupled 
with the inadequacy of those deposits, he believes that the following 
procedure is deserving of very serious consideration. 


Recommendations 


First, that the establishment of credit by a business firm be placed 
by the utility upon the same basis as any other mercantile credit, 
namely, bank ratings, commercial credit ratings, and other known 
sources of credit information. Commercial customers failing to 
establish their credit in this way to put up a deposit equal to 
twice the average monthly consumption. As to domestic consumers, 
to serve them on their application without the establishment of 
credit except their previous use of the commodity, permitting them 
to be served so long as they pay their bills in accordance with the 
rules of the utility. Upon their failure to do that thing then the 
utility should be permitted to ask for a cash deposit equal to twice 
the average monthly consumption, the deposit to remain in the 
hands of the utility until the closing bill is paid and to bear per- 
haps 6 per cent interest during that time. Rules regarding the 
payment of bills to be the same covering all customers regardless 
of the manner in which they had established their credit. The 
deposits now in the possession of the utilities of California to be 
refunded in accordance with the existing regulations and in that 
way the utilities would gradually get upon the new credit basis. 
I believe this would be offering the customer who is willing to pay 
his bills promptly a reward for such payment and would merely 
be asking the customer who did not do that thing to guarantee 
that all of the other customers of the utility would not find them- 
selves paying for closing bills by way of uncollectibles included in 
future rates. The establishment of a deposit twice the average 
monthly consumption is in my opinion most equitable. No ar- 
bitrarily fixed amount as a deposit is fair to the utility because 
of its inadequacy in a great many instances, nor is such a deposit 
fair to the customer because in some cases even the minimum 
amount of $2.50 is greater than his estimated consumption for two 
months. If the deposit were based upon the average monthly con- 
sumption of the customer who makes it, he would only be asked to 
put up that amount and the bills of all other customers regardless 
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of their size would not effect the manner in which he established his cal departure and there are no precedents to guide us. Neverthe- 
credit. less, we believe that it would be a solution of many of the de- 


This final report is written by the the chairman of the committee posit problems and should be acceptable to our own California 
and the final suggestion is his own. It is, as stated before, a radi- Commission since it is entirely equable and non-discriminatory. 
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Domestic Sales* 


that the cooking load could not be replaced that their whole rate 
structure was built on this branch of the business and in a great 
many cases other applications depended on the cooking load for 
their support. As long as the tree was healthy and the trunk of 
our tree was strong, it would support this mass of limbs and 
branches, but care must be exercised so as not to overburden the 
trunk of our tree with these special uses and rates. 


It is not the intention of the Domestic Cooking Committee of. this 
Association to introduce a “bugaboo” with reference to the cooking 
load, for we recognize that in most localities gas is still the prin- 
cipal medium of domestic cooking. However, we can see on the 
horizon the possibility of losing this business as we did the lighting 
business, unless we face the different issues in connection with our 
cooking business and strive to introduce such remedies as might 
be found necessary to popularize our fuel for cooking. In some 
locations the security of the cooking load has been threatened. In 
fact, large inroads have been made into it and it is the intention 
of this Committee to point out some of the things that it believes 
can be done to stabilize the cooking load and again popularize gas, 
the ideal fuel for domestic cooking. 

In making a study of the conditions along the Pacific Coast, and 
particularly along the northern part where serious inroads have 
been made in the domestic load by our sister utility, we find various 
reasons why people have changed. In one city a study of the 
salesmen’s survey cards indicates that it is because the customer 
thinks that gas is too expensive. In this particular city there are 


tions in the cooking rates. An analysis has been made of some 20 


*L. J. Brundige, Chairman, Pacific Gas & Electric Company. 

+Committee Report: R. W. Coblentz, Chairman, Washington G. & E. Co.: 
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cities along the Pacific Coast using manufactured gas and the 
average rate per thousand for domestic cooking is double the spe- 
cial rates for water heating and house heating. This may be the 


THE DOMESTIC COOKING LOAD? proper ratio or it may not be, but it is still something well worth 

i thinking about. 

: \ , YE are all familiar with the past history of the gas industry— Articles have been printed in a number of the magazines by 

; how it started solely as a lighting medium, only to find people rather prominent in the gas industry, stating that our energy 

: itself replaced within a few years by electricity. We are should be thrown towards heating problems, as they seem to feel 

4 also familiar with how it found other uses which have proven that the cooking business rightfully belongs to our sister utility. 

throughout the years to be much greater than could possibly have The Committee does not believe this to be true. It believes that 

; been obtained had it confined its activities solely to the lighting both the domestic and commercial cooking can be done cheaper 

business. Of these sundry uses, domestic cooking has far outdis- and better by gas than by any other fuel and it is now our problem 

. tanced the others. For many years the cooking load has been to convey this message to those who are inclined to think differently. 
recognized as the backbone of the gas industry. Comparing our Adequate proof can be given through the improved appliances, 

business to a tree, the cooking load would be represented by the that gas is second to none for cooking. 

trunk and the other uses of gas would be represented by its limbs ; . _ . eos 

udichaheaiiatn Change in Living Conditions 

i For many years the cooking application of gas service remained ane ene oe ee Sve caneitions of Oy American peopte mas 

i uncontested by competitive fuels. So sure was the gas industry also materially affected our domestic cooking load. We have be- 

i ’ come a nation of travelers and many of our meals are bought 


along the highway at road houses, hot dog stands, etc., and in 
almost every home less actual cooking is done today than a few 
years ago. The Committee believes it would be well to study this 
and to find out why so many meals are taken away from the home 
and if possible to suggest ways where home cooking can be popu- 
larized. It also feels that the salvation of our cooking business 
depends upon the selling of modern, high standard gas appliances, 
feeling also that the cause of the unpopularity of gas cooking has 
been chiefly due to old obsolete types of equipment that the average 
housewife has to use. 
Merchandising Policies of Different Gas Companies 

In planning this year’s study, the Committee thought it would 
be well to analyze the merchandising policies of the different com- 
panies of the Pacific Coast Gas Association and find out what par- 
ticular inducements were most successful in selling modern cooking 
equipment during the different seasons of the year. Also to find 
out those selling campaigns that were not so successful, so that 
others of our Association could profit by the experience of those 
who had tried. A questionnaire was sent some of our sales man- 
agers, but we apparently failed to take into consideration the per- 
sonal pride of each company and of the sales managers, for our 
questionnaire form showed plainly that sales managers have no 
unsuccessful campaigns. Again, it is probable that a sales promo- 
tion program that is eminently successful in one locality might 
prove a distinct failure in another. 


2 

4 the cheapest electric rates of any city in the United States, and the The sale of gas ranges does not necessarily mean the healthy 
ie “ - - e — % . . . = ~ . . . . 

i cost of wood is very low. In another city not far from this place, building of domestic cooking service. Sometimes it is thought that 
4 an analysis of the salesmen’s survey cards shows an entirely dif- too much emphasis is laid upon the swapping of ranges instead of 
: ferent condition, that the reason for the change or desire to change constructively building a desire to use gas for cooking. 

% Fae ¢ . r ; va y : 7< : 4 £ = -_ e «< - < > y 
i; is because they think gas is dirty and not modern. he rates are Special Uses of Modern Gas Ranges 

; comparable in the two cities. If a further analysis were made in Th f bh fe fa ald ; 

34 a . . m > rae ¢ yep ¢ ¢ 4 > . ‘ 9 > . e I. © . . 
: the first city, no doubt it would be found that these folks also think e gas range manutaccurers have done much in th ist Tew 
: gota we, vears to improve the operation and appearance of gas ranges. 
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problem is one of teaching the housewife that there is no com- 
parison between the old black box, commonly known as a gas 
stove, and the modern gas range that is on the market today. Also 
to teach her how, by properly using the stove, she can prepare her 
meals with ease and that cooking can be changed from a drudgery 
to a real enjoyment. Many thousands of beautiful, modern gas 
ranges have been sold in the last few years. If a census were 
taken among the users of these stoves, it is believed that few of 
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them are really using them so as to get the fullest enjoyment from 
them, and until we can teach our customers to take advantage of 
all of the uses of a modern gas stove we will fall short in popu- 
larizing home cookery. If the average housewife understood thor- 
oughly the placing of her meal in the oven and allowing it to cook 
while she is away from the home and knowing that when she came 
home the meal would be beautifully prepared with practically no 
additional energy, a great many would cease to patronize the 
lunch stands and delicatessens as they do today. We therefore 
feel that one of our biggest problems is to educate vur present 
customers to use the modern gas range for all its many uses. 

The work of getting the housewife to use the special features of 
a modern gas range that makes it stand out above all other types 
of cooking appliances, is not as simple as it appears. The mere 
explanation of these different uses is not enough. Some well- 
defined plan must be worked out to see that the housewife actually 
uses her appliances so as to get the most out of them and that she 
familiarizes herself sufficiently with these special uses so that they 
become a habit. 


Home Service Department Functions 

The Home Service Department’s function should be to educate 
the housewife in these uses. No doubt some of the Home Service 
Departments are’ successful in doing this. From observations, how- 
ever, it is apparent many are not. It is suggested that after a 
stove is sold the Home Service demonstrator should call and explain 
the different uses of the stove, how it should be kept clean, and as 
nearly as possible familiarize the housewife with the stove. On 
this call definite arrangements should be made for the housewife to 
cook an oven dinner, a time should be set for this to be done and 
a menu supplied. A call or a telephone inquiry should be made 
to see what success the housewife had with it. If it was success- 
ful, then other special uses should be planned in the same way. 
It has been found from actual experiences that while these things 
are explained to the housewife she does not try them because she 
has not become entirely familiar with the new stove and has not 
ventured away from the methods she used with her old stove. 
To become enthusiastic over her stove she must try these different 
things and while the stove is still new and a novelty to her; then 
she will become an enthusiastic booster. A canvass made on a 
number of owners of new gas stoves shows that the customers are 
not enthusiastic because they use them as they used the old stoves 

Recently a test was made in one of the cities on the above pro- 
gram and in almost every case the customer turned out to be an 
enthusiastic booster and many prospects were received from them. 
It is felt that too often the Home Service demonstrator is utilized 
in handling complaints and trouble calls, where if the proper train- 
ing had been given the customers these complaints would not have 
arisen and the doubts as to the customer’s appliance would never 
have arisen. It is felt that the Home Service Department can do 
much constructive work towards promoting domestic cookery it 
they are properly trained. 


Salesmen Should Understand the Art of Cookery 


In those properties which do not have Home Service demonstra- 
tors, or which do not have sufhcient Home Service demonstrators 
to do this, the salesmen can do it very nicely. It is very gratifying 
to note that some of the larger stove manufacturers are spending 
considerable energy in teaching gas company salesmen the art of 
cookery. It seems almost criminal that gas salesmen who have 
been trying to sell gas cookery for so long have no knowledge of 
cooking. Some of our Committee feel that if the salesman under- 
stood cookery as he should, that the functions outlined above could 
be better handled by them than by the Home Service Demonstrator. 
The salesman has the purchaser’s confidence or he could not have 
made the sale, and while it would take some of his time, it is ap- 
parent that if this customer becomes an enthusiastic booster, many 
more good prospects would be received than otherwise; and since 
the salesmen’s function is to hunt prospects, in what better way 
could he get them? 

One of the executives of a large range company in the East has 
recently made this statement, “I believe no salesman is equipped 
to do a good job of selling without a thorough knowledge of the 
merchandise he is to sell and a thorough knowledge of its use. 
The job is only half finished when the appliance is installed, as 
the sale is not really made until the customer is satisfied, and no 
one who is really satisfied can help but be a booster.” 

In visiting the different salesrooms of the gas companies it is 
pitiful to watch the apparent ignorance in the art of cookery ex- 
hibited by many of the sales floor people. The purchaser is more 
interested in what her new appliance is going to do for her than 
anything else and if our sales forces know nothing of cookery it is 
apparent that their description of the beautiful cooking to be 
accomplished on this stove does not ring true. 


Broiling 
How many salesmen understand the art of broiling? Yet it is 
one of the greatest uses that makes the modern gas range outstand- 
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ing. Few housewives use it because they do not understand how 
to use it properly. They are probably of the opinion that broiling 
is still as difhcult an operation as it used to be in the old type stove, 
and every effort should be made to get the housewife to use the 
broiler. The leading women’s magazines devote much space to 
articles about cooking, written by prominent cooking authorities, 
dealing with such subjects as cake baking, ove: cooking, roasting 
of meats, and whole meals in the oven, but very little is published 
on the subject of broiling. Yet we all know that the modern gas 
stove is far superior to any other in its broiling operation. 


A partment House Installations 


Apartment house gas range installations have probably done 
more to cause people mot to want to use gas than any other one 
thing. For many years the cheapest type of ranges was placed in 
apartment houses. In fact, this condition still exists. In the North 
Pacific Coast electricity is a serious competitor for apartment house 
business. The architects and loan people insist on electric cookery 
because the average tenant remembers the old dilapidated gas 
range used in some apartment previously and wants something bet- 
ter. Where we are successful in getting the architect and loan 
company to accept gas ranges in the new apartments, they usually 
provide about $25 or $30 each for the gas range we sell them. 
These same people will pay a much higher figure for electric 
equipment. Therefore, we do not seem to be meeting the situation. 
It is known that if the same priced gas range were installed, that 
the beauty and convenience of modern gas ranges would soon break 
down this feeling. It is believed that the salvation of the apart- 
ment house business is to refuse to sell cheap equipment. It might 
be necessary to accept small money for some of the equipment, but 
in no case should cheap, unsightly equipment be placed in apart- 
ment houses. 


Architects, Builders and Loan Companies 


Perhaps one of our greatest needs is to have a closer relationship 
with the architects, builders and loan companies. Some of the 
companies have spent some time along this line, but it is thought 
that much more could be accomplished if a higher type of salesman 
were used on this work—a man who is thoroughly familiar with 
all phases of the gas business, who could go to these men more in 
a consulting capacity and really teach them the many advantages 
of gas. 

The average architect believes that gas for cooking is an ancient 
practice and that it will eventually be supplemented. Therefore, 
when he recommends plans for cooking equipment he usually talks 
against gas. He also can cut down the expense of venting and 
use the money for “do-dads” that can be seen. Most people who 
build rely almost entirely on the architect and builder to advise 
them of their needs. 


The loan companies have been known to request other than gas 
cooking in apartments and homes, as they seem to feel the house 
would not be modern with gas and thus not be a good investment 
for their money. This we know is the result of propaganda of 
competitive fuels, which can only be broken down by close personal 
association of the gas company representatives with these men. 


Efforts should be made to have gas ranges included in the new 
house. The average person buying a new house has used all the 
money available and has no money left for putting in a modern gas 
range. If such a plan as this could be worked out it would elim- 
inate the long time contract for new house equipment and insure 
that the proper kind of gas range is installed. 

The committee believes that a closer cooperation between the 
architect, builder and loan company to be one of the most important 
steps in building up the gas cooking load. A closer cooperation 
with these men would also cause them to allow a higher figure for 
ranges in apartment house installations. 


Dealer and Plumber Cooperation 


In the last few years a great deal has been accomplished through 
deater and plumber cooperation. This has been accomplished 
principally through the cooperation of the range manufacturers and 
we have been successful in getting a higher grade of gas stove 
with the dealers than has even been accomplished in the past. 

There is still, however, plenty of room for thought along this 
line. Salesmen, floor salesmen and special representatives of the 
dealers, should be given a thorough training in gas and its applica- 
tion to modern gas stoves. Fitters should be taught how to properly 
install, and wherever possible the range installation of the dealer 
or plumber should be followed up by a call from the Home Serv- 
ice demonstrator of the gas company. 

The gas company salesman’s compensation should be so arranged 
that he will endeavor to cooperate with the dealer’s salesman 
instead of being his competitor. The constant friction that appears 
to exist between the dealer salesman and the gas company sales- 
man should be eliminated if we expect to get the cooperation of 
the dealer. 
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Personal Canvass 

The use of more gas for cooking, as well as the popularizing 
of gas for cooking as against competitive fuels, can best be done 
by personal canvass. Considerable thought should be given to the 
type of canvass to be used. The average salesman, whose com- 
pensation is based entirely upon the merchandise he sells, is apt 
to convey the thought to the customer that he is there for the 
purpose of selling instead of creating a desire for better gas 
equipment. The canvasser should go to the customer who is using 
inadequate equipment to teach her how to get better results from 
the equipment she is now using and to visualize the advantages of 
modern equipment and how its additional uses will make the home 
a happier place in which to live. Perhaps in the past too much 
time has been spent in looking for new business and too little 
time has been spent in keeping the business we now have. 
Recently a survey was made among several thousand customers 


of a large gas company. The object of this survey was four-fold: 


HOUSE TO HOUSE CANVASS 2 
° ‘ oO 
Washington Gas and Electric Company ae 
> i 
—— =] 
OO iisicnisrintsitnitgninticinimatiinnnitaiaiiinenniit yy — 
Statement of Customer’s attitude toward Gas and The Gas Co. s = at 
9d SL a bP tsp Sei - a ; : ; So no 
esi inate B 
SE SS a ER ere Nit aries all oa: et ad @® 
COOKING: Type of Range _...... 
CA a ict aan 
I i Sa Oe ee ee ee N, 
REFRIGERATION: Automatic (Yes or No) Gas or Elec 
COMRMROMED  oeence- la hla alte i aaa 
WATERHEATING: Gas.____...._.Elec.—....___-_Coils__......__| |! 
Automatic SE eae Sa a a, | 
Ee aT : 
HOUSEHEATING: (Including Radiantfire and Heatrola) > = ~ 
Furnace or Stove.__....£‘\ruel Used___...._.Fireplace (Yes or No) -, © 
rh ~ 
Comments —....... CE LE AO EARS CT ae ¥ 
> te 
a 
State how present equipment conforms to their requirements] » 
and furnishings... siblieeeidnd Sciamsilniseaitiabaenas neve idinientieais ee 
2 ts tt RRS EE Se er ee a hte ipsa 
SUGGESTED PROCEDURE. i ee 
man ; EN arene er ; ‘ ied | 


ENHIBIT I 

Our experience has been that in order to get a thorough picture of 
the actual conditions in the home, it is impossible to use any type 
form where the canvasser can check certain results. In calling on a 
customer who is using gas there are three principal things that shoul 
be found out: 

1. The type of equipment being used and its condition, age, et 

2. Customer’s attitude towards gas and its diferent uses. 

Canvassrer’s recommendations as to proper procedure to get a 


modern gas range in the home. 


In the form shown (Exhibit I) it ts felt that a few words 


explanation will answer all of these questions and with this knowledg: 
a systematic plan can be adopted for meeting the requirements of each 


individual case. 
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1. To teach the customer the correct use of gas and how to 
get better results out of the present equipment. 

2. To correct incorrect impressions that the customer might have 
with reference to gas. 

3. To picture the adventages of modern gas equipment. 

4. To show the customer how cheap gas really is. 

This canvass was very successful and did a great dea! towards 
popularizing gas for cooking in the city where it was conducted. 
A complete report was made of the calls, bringing out a few very 
important things: 

1. The type and condition of the present equipment. 


2. The customers’ attitude towards gas. 
3. Recommendations as to procedure to get the customer to 
use modern equipment. 

These survey forms were classified and tabulated and with 
this information at hand, much was done towards directing the 
advertising along the lines. to meet the objections encountered. The 
survey report was a diagnosis of the customer's condition. S2 
Exhibits I, I-A, and II.) That, with the remedy that was used, 
gave a very good picture of the actual problems. With this infor- 
mation at hand, propaganda was sent that would meet the needs 
of the customers. 


Salesmen’s Compensation 

The question of salesmen’s compensation has probably given 
sales managers more worry than any other one problem. It 1s 
felt that whatever the form of compensation might be, it should 
be so arranged that the salesman would get recognition for the 
customers he has saved, as a dissatished customer made happy its 
certainly as valuable as a new customer, because if this customer 
is not satisfied eventually he will change to some other fuel. 


Special Sales Inducements 

In different localities the type of sales inducements seem to 
differ. Careful study should be made of the local conditions to 
make the sales inducements fit the particular community and not 
only change obsolete equipment but also win over those who use 
other fuel for cooking. Large allowances on old appliances can 
usually be used two or three times a year to good advantage. In 
some places premiums seem to attract. Small down payments and 
long terms always attract, but care should be used not to cheapen 


the merchandise we want to sell by making it too easy to buv. 


Cooking Schools 

Cooking schools can do a great deal towards popularizing gas 
cooking provided a well thcught out program is used so that 
the superiority of the gas range is pointed out whenever the oppor- 
tunity arises, and we must make the procedure such that these 
opportunities do arise. 

There seems to be something definitely lacking in most of out 
cooking schools. We seem to be afraid to tell those in attc..dance 
anything about gas or the gas equipment that is being used in the 
demonstration. This, no doubt, is because of the fact that most 
of these schools are sponsored by newspapers who, because of the 
advertising by competitors, object to comments made that might 
in any way offend. 

Cooking schools are created at a considerable expense and 
for one purpose, and that purpose is to modernize gas cooking; 
and unless every opportunity that avails itself throughout the 
dem-nstraticn is used to point out the advantages of yas cook- 
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EXHIBIT II 
The form in Exhibit II is similar to that in Exhibit I, except that 
it is of a different color and designates that the customer is not using 
gas. It provides for a statement of the customer's present equipment 
and his reasons for not using gas. 


ing we have over-looked the very thing that we started out to 
accomplish. 

It is believed that the average large cooking school conducted 
by the newspapers has been so remunerative to the newspaper 
that we can now demand of them concessions of boosting our gas 
range whenever the occasion presents itself, and a good demon- 
strator -~should be one who would make these occasions often 
throughout her lecture. 

It is felt that too often the stress placed upon the beautiful 
articles cooked over-shadow the thought that these results were 
only obtainable because of the wonderful qualities of the stove 
that the demonstrator used. So it is hoped that this next year when 
planning for cooking schools, that the qvestion of talking about 
our equipment be given a much better place than it has in the past. 


Schools and Colleges 

The equipment in the domestic science departments of the 
average high school and college is wholly inadequate for the uses 
to which it is put. In too many cases this equipment is old and 
obsolete. Unfavorable impressions are obtained by the younger 
generation on the use of gas, with this old and obsolete equipment. 

In some colleges where home economics is taught, the gas 
equipment is old, or if there does not appear to be any gas in the 
vicinity, no one has taken it upon himself to interest the college 
in tank gas cookery; so that these students are graduating with 
no knowledge of modern gas cookery whatsoever and with the 
impression that gas is out of date, and that to be modern other 
fuels should be used. 
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Less than two years ago I visited one of the largest state col- 
leges in the Northwest which had an old gasoline gas plant, to 
find that they knew nothing of modern gas equipment. Because 
of the fact that there was modern electric equipment in the school, 
the graduates, who later became teachers, went out strongly in- 
fluenced towards electricity. These teachers go into our schools 
and teach our youngsters, and naturally, since their idea is a 
mistaken one, the same information is carried on to the children. 
I am sure we have all experienced contacting these folks and 
finding out how hard it is to change them back to gas, because 
in their training they were led to believe that electricity was the 
coming fuel. 


In equipping both schools and colleges, it is felt that the manu- 
facturers should take a prominent part, particularly in those col- 
leges that are located off the gas mains. If these colleges can not 
be converted to the use of tank gas or some other form of gas, at 
least the salesmen representing the gas range companies should 
call and visualize to the home economics departments the many 
improvements that have been made in modern gas equipment. 


Special concessions should be made by the manufacturer towards 
these schools to get modern gas equipment, and as the equipment 
becomes obsolete it should be changed, as it is felt that one of 
the real causes for our losing the cooking load is the obsolete 
equipment that is in homes, schools, colleges, etc. The training 
received both by the teachers and the students in our high schools 
and colleges is very lasting and certainly this equipment should be 
right up to the minute. It might be well for the Cooperative Ad- 
vertising Committee to look into this phase of the work and 
see if they could not in some way set aside a certain amount of 
their fund for modernizing gas equipment in the schools. 


If modern gas equipment is placed in the schools, it is the 
duty of the gas company to see that it is kept in good condition. 
In some places it will be necessary to make periodic calls to keep 
the gas equipment in shape. In the city of Portland, which I 
believe has more modern gas ranges in the domestic science 
departments of its schools than any other city, it is found necessary 
to send a man around at least once a month to completely clean 
and adjust the stoves. It is felt that money spent along this 
line should produce splendid results. 


Proper Display of Ranges, Both in Show Windows and 
on Sales Floor 


A great deal of money has been spent by the manufacturer 
to make the gas range attractive. The results he has accomplished 
have been outstanding. More thought should be given to the dis- 
play of this equipment by the different gas companies and mer- 
chants who sell gas stoves. By observing the different gas peri- 
odicals and the display service magazines gotten out by the Am- 
erican Gas Association, as well as the manufacturers’ bulletins, 
it is felt that some very good ideas can be used for both win- 
dow and floor decorations and more thought snould be put into 
the attractive display of this merchandise. 


As one travels over the country and visits the gas company 
show rooms and exhibits, he finds much to verify the general 
opinion that gas is dirty. These impressions are created on our 
own sales floor and in our own windows. 


Appearance of our Fitters and Service-men 


The different branches of our business are so closely interwoven 
that it is impossible to set out any particular phase without in- 
fluencing other parts of our business. The belief of the average 
person who is not familiar with the inside workings of gas and 
the gas company thinks gas is dirty. This, no doubt was prompted 
by the fact that the gas plant used to be located in the oldest 
part of town and the dirtiest and toughest characters in the com- 
munity were known as the “Gas House Gang.” This has been 
carried down through all these years and the word gas seems to 
convey the thought of something smelly and dirty. We know that 
with the modern gas range, gas is clean. We know that the mod- 
ern gas range will keep the housewife’s kitchen immaculate, pro- 
viding it is operated correctly. Therefore, special effort should 
be made to have all those who come in contact with the housewife 
convey the same impression of cleanliness of appearance that we 
desire her to associate with gas fuel. It is not impossible for the 
fitter, service man and any others who come in contact with the 
customers, to be clean and this cleanliness should be insisted upon. 


Care in Handling New Ranges 


The careless handling of new gas ranges often times does a 
great deal towards causing our customers to feel that the equip- 
ment they are getting represents a bundle of iron, instead of a 
beautifully finished product that they can be proud of. Our 
fitters should be trained to handle the ranges with the utmost 
care, in fact they should show as much care as if they were mov- 
ing a piano. This establishes in the mind of the customer a feel- 
ing that he is really possessing something of value. 
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Advertising 

In this paper very little has been said with reference to the 
proper methods of advertising gas ranges so as to give us the 
greatest results. We have an advertising committee which is 
spending considerable thought and time along this line and it fs 
felt that this committee, sensing the need to stimulate our cook- 
ing business, will be able to offer some very good suggestions 
along the line of advertising. 

It is agreed that we must advertise the attractiveness of 
home cookery. This can probably be done best by advertising 
individual appliances rather than results. One sales manager 
believes that continuous advertising of modern gas ranges keeps 
these splendid appliances continually before the public and has 
accomplished good results. He claims that the best results in this 
advertising were received when the advantages of modern gas 
cookery were presented through the method of a certain definite gas 
range rather than to simply advertise modern gas ranges without 
referring to a particular appliance through which the customer 
might obtain these advantages. In other words, he says, “This 
advertising leaves no question in the customer’s mind as to how 
these advantages may be obtained. Style and approved appear- 
ance must be emphasized.” 

We must advertise modern gas cookery and it is felt that a 
definite advertising appropriation should be budgeted for the 
purpose of this type of advertising. It is further felt that a 
portion of this sum should be taken from the gross earnings of the 
company and if there is a definite budget and a definite knowl- 
edge of the advertising media, that our Advertising Committee 
could assist the smaller gas companies, who do not have high- 
priced advertising personnel on their payrolls, to spend this 
money so as to accomplish the best results. 


DOMESTIC WATER HEATING* 


OUR Water Heating Committee believes that nearly every- 

thing has already been said that could be of assistance in 

adding water heaters to our lines. Former committees of 
our Pacific Coast Gas Association have made splendid reports. 
A recent pamphlet of the American Gas Associatien entitled “The 
Fundamental Economic Facts on Gas Water Heating for Gas 
Companies” is very complete. All good plans for merchandising 
gas appliances apply to gas water heaters. 

We can add, however, that the wi// to act is more apparent to- 
day than ever before. This is stimulated by the fact that every 
activity of today, every trend of the public, is leading away from 
the kitchen and that good old standby, our cooking load. ‘The 
great outdoors is luring every one. Sports, and life in the open 
air, are developing a stronger and more active people. And it fol- 
lows naturally that, due to these activities, there never was so 
great a demand for automatic hot water as there is _ today. 
Almost without exception, the new business managers and the 
general managers are ready for an aggressive advertising and 
selling campaign by their companies. Many are now selling, 
and have proven their plans most effective. 


A series of small manufactured-gas plants in small towns of 
from 300 to 600 meters sold from 9 to 10 per cent of their 
consumers last year. ‘Two other companies selling manufactured 
gas have sold from 5 to 7 per cent of their consumers per year 
for the past three and one-half years. Some large natural gas 
companies have sold from 1 to 1% per cent and are steadily increas- 
ing the ratio. The quotas for this year on the Pacific Coast range 
from %4 per cent to 9 per cent, with an average of nearly 1 per cent. 


How do they propose to reach these quotas? By methods already 
in use, in many cases, and by other methods which have been 
proposed. A real belief that it can be done is half the battle. The 
desire to tie-in with the Cooperative Advertising program of the 
Pacific Coast Gas Association and get full benefit from it is 
very apparent. 

A brief summary of some of the pertinent elements necessary 
to the success of this job might be reviewed as follows: 


1. Obtaining all information possible regarding the prospects. 
This is gotten through the salesman, the inspectors or, better yet, 
by an actual survey of the territory by special service adjusters. 


2. The cooperation of a rate engineer who is ready to look 
ahead five years to figure the return. There are three types of 
rates now being used where keen fuel competition has to be 
met. First: a revised “A” rate breaking early enough to help the 
water heater consumer. Second: a new optional “A” rate to 
apply only to consumers who have automatic warer heaters. Third: 
a separate rate and separate meters for this service. 

An actual analysis shows that an automatic water heater assures 
an increase of consumption of from 12,000 to 15,000 cubic feet 


*Submitted by O. R. C. Grow, So. Counties Gas Co.; Chairman Domestic 
Water Heating Committee. 
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yearly on natural gas and from 25,000 to 30,000 yearly on manu 
factured gas. 

3. A willingness to sacrifice most of the merchandise profit and 
to carry in stock heaters to fit the buyers’ purse. 

4. A local advertising and promotion plan big enough and 
broad enough to reach the consumer, the landlord and the archi- 
tect and make them “gas-conscious.”” Obviously, this means a 
willingness of the management to provide adequate funds. 

5. A well organized sales force, with inspiring leadership, to 
complete the sale. 

A military attack can be well planned; miles of artillery, wheel- 
to wheel, can lay down a deadly barrage; fatal gases may be pro- 
jected on the opposing forces; invincible tanks may penetrate the 
lines in places; but the results will be next to nothing unless the 
khaki-clad boys, filled with an unbending belief in themselves and 
with real leadership, go over the top and finish the job. 


HOUSE HEATING* 


N the territory covered by the Pacific Coast Gas Association, 
we have three distinct conditions prevailing which affect 
house heating: 

First, we have a seasoned natural gas territory, 

Second, a virgin natural gas territory, and 

Third, a territory being served manufactured gas. 

Great strides have been made during each year in the working 
out of many problems connected with the application and selling 
of gas for house heating. Every year 
utilities are taking more interest in house QWQ@wwww 
heating activity and are spending consid- 7 
erable sums of money to further its prog- 
ress, both in the form of advertising to 
the consumer and in the developing of 
service organizations which will insure 
continued satisfaction and a permanency 
of the installation. 

New conditions in the gas industry, 
which all tend to decrease the use of gas 
for purely domestic purposes, have made 
it vital that new outlets be found in 
order to improve the load and revenue. 
Many costly campaigns and selling ef- 
forts have been put forth on the sale of 
strictly domestic appliances with little or 
no gain in domestic gas sales per con- A. C. Miller 
sumer. It appears that with the nation- Chairman 
wide discussion of gas at the present time. 
that all gas men and companies should be pushing the house 
heating business actively and forcibly. The progress of heating 
will be much faster as a Coast-wide program than with the present 
spotted and desultory effort. 

Competition from other fuels is increasing yearly. The general 
public at the present time, especially in Coast cities where 
climatic conditions make it unnecessary for continued heating over 
long periods, will readily accept a fuel for heating which is 
quick, easily controlled, flexible, and inexpensive. Every com- 
petitor is endeavoring to find a means whereby he can offer his 
fuel for sale in our territory with these selling features. Auto- 
matic oil burners, with their low cost of fuel, have been improved 
to a high degree of operating efficiency. The initial cost of full 
automatic oil burners has been greatly reduced, making them 
more attractive to a greater number of consumers. The activities 
of coal companies are increasing. Automatic stokers are being 
perfected with which to handle this fuel. Elaborate selling plans 
have been perfected in some territories to sell coal and insure 
its continuance in present heating systems; also in new installa- 
tions. Some sale plans by coal dealers have gone so far as to 
adopt the practice used by Ice Companies in competition to electric 
refrigeration—that is, purchasing coal fired heating equipment in 
quantities at substantial discounts from manufacturers, and selling 
them to consumers at a ridiculously low price or giving them to a 
consumer on the purchase of a certain amount of fuel. All of 
these new competitive features to the sale of gas for house 
heating makes it imperative that utilities and manufacturers of 
gas heating equipment progressively enter into, and promote the 
sale of gas for house heating on a constructive basis featuring its 
superior qualities. In certain territories, where smoke has been 
a problem, effective selling campaigns have been accomplished 
on the idea of smoke abatement. 


Discussion of Types of Heating Appliances 

The following discussion regarding the sale of various types 
of appliances has been necessary due to the territorial conditions 
which exist within our Association. We will first consider ap- 


*Submitted by A. C. Miller, Pacific Gas & Electric Company, Ch 
House-heating Committee. 
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pliances which might be termed room heaters. Under this classi- 
fication we would include radiant type heaters, gas radiators and 
circulating types of room heaters. In territories being served 
manufactured gas, the sale of this type of equipment seems to 
predominate. Room heaters are also readily sold to small home 
owners due to the low installation cost. We attribute this also 
to the operating cost which allows the user to heat a small por- 
tion of the house at one time. From a revenue standpoint to 
the utility, this is a very attractive means of building revenue. It 
may generally be stated that the number of hours of operation of 
such appliances is much greater than would be the case if the 
same consumer under the same conditions were using a central 
heating plant. The reason for this is that the same consumer 
would be afraid of high gas bills from a central heating plant 
and would not use the necessary amount of gas to produce an equal 
amount of heating as is accomplished by the room heaters which 
are located in the particular rooms that are being occupied. 


The circulating type of room heater which has come into promi- 
nence during the last two years is rapidly gaining favor among 
small home owners. Store buildings, amusement halls, club rooms 
and flat buildings also provide an excellent field for circulators. 
This type of heater when installed to ample capacity makes quite 
a satisfactory heating installation at a comparatively low cost. The 
low installation cost is occasioned by the fact that the consumer 
usually has a vent available or the circulator can be vented through 
an existing fire place. From available figures, it appears that 
the sale of this type of heating equipment was three times greater 
during the winter of 1929 than it was during the winter of 1928, 
with still greater prospects for 1930. The circulator is a valuable 
appliance when building up a quick heating load on new gas 
extensions. 

The floor furnace is very closely in line to the circulating room 
heater. It is the opinion that from a permanency standpoint, the 
floor furnace is the most desirable. It has the added feature of 
being below the floor and not occupying room space. It does, how- 
ever, present more of an installation problem. All available figures 
also indicate a tremendous increase in the number of floor fur- 
nace installations for last year over the previous year. 


It appears the potential field for room heaters is hardly scratched, 
but the fact remains that to sell this type of heating in volume, 
constant direct sales effort must be used. 


Warm air heating may be divided into two distinct methods. 
The first is the gravity circulation system and the second the 
forced circulation system. In the forced circulation systems, the 
resistance of the distributing system to the flow of the air is 
overcome by means of a fan which is usually arranged to blow the 
air through the heating unit and then through the distributing 
duct to the space to be heated. 

In the past few years, particularly on the Pacific Coast, there 
has been a growing popularity of the warm air method of heating, 
especially as it applies to residences. The major points in favor 
of the warm air method of heating and which led to its popularity, 
may be enumerated as follows: 


1. A comparatively low cost of installation. 
2. Rapid response to demand for heat. 


3. Maintenance of a definite circulation within the spaces to be 
heated. 

On the subject of estimating furnace requirements and the 
size of ducts and leader pipes, we find that there is no uniform 
rule being used by the various companies on the Pacific Coast 
which are selling heating. This is largely due to the climatic 
conditions of our various sections and to the large number of 
unorganized dealers who are making installations. For this reason, 
it seems imperative that in cases where utilities are selling warm 
air systems, their standard of installations should be such that 
proposals issued from these companies to the consumer should 
embody only a model job. The utility can act as a stabilizer be- 
tween the cheap competitive job and the high price de luxe type 
of installation. It is to the advantage of the utility not to connect 
itself to the de luxe type of installations which put a premium 
cost on gas fired heating systems, when in competition with other 
fuels. We believe that the utilities’ bid should be for a model 
job, and all frills, such as elaborate controls, be quoted as extras. 


Large Building Heating 

Under the classification of heating for large buildings, the sale 
of equipment for this purpose is almost prohibitive in territories 
not having natural gas. Some progress could be made with an 
exceedingly low rate, but in the majority of territories this does 
not exist. It has been found in most cases that attempting to sell 
heating systems utilizing manufactured gas to large buildings, 
only serves as a boomerang to the industry and as a constant 
source of complaint. Much progress has been made in this field 
in the southern part of California where natural gas has been 
available for some time and installations are operating to the 
satisfaction of the owner. In the southern part of California, 
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many apartments are heated by individual radiant type heaters 
installed in the wall studding. 

In the northern and central part of California, no large build- 
ing heating has been installed and very little large apartment heat- 
ing. The large buildings that are heated with gas have either steam 
or hot water systems furnished from a central boiler. Now that 
natural gas is being served, concentrated effort is to be put 
forth in this field. 


Conversions 

The discussion of this activity will undobtedly provoke criti- 
cism, but there is no need for a report on subjects on which every- 
one’s opinion is settled and agreed. A report such as ours, dealing 
with the policy and practice of a rapidly developing gas applica- 
tion is most useful when it shows and recommends the best policy 
and serves as a guide by which companies may shape their course. 
Admittedly, all utilities would much rather have straight gas- 
designed central heating systems on their lines, if properly sold 
and installed, than they would converted appliances. In certain 
instances, however, the adding of revenue through the sale of 
straight gas-designed heating systems is too slow a process to 
build back the lost revenue from certain changes in rate structure 
or the introduction of natural gas. It is the opinion that conversion 
burners should not be sold and installed on manufactured gas 
unless a very attractive house heating rate is offered. On natural 
gas, when properly sold, installed and serviced, conversion burners 
can be installed without being a detriment to the heating activity 
and will produce the desired quick revenue for the utility to over- 
come the rate cut and justify a portion of the additional expendi- 
ture caused by the introduction of natural gas. 

For a number of reasons a great percentage of consumers in a 
territory in which natural gas has been iniroduced, are very 
skeptical of the new fuel and of the statements made by utilities. 
They cannot be convinced that the time is at hand to discard 
their old heating equipment and go directly to straight gas-de- 
signed appliances. The opposition of competitive fuels plays upon 
this fact. If conversion burners are to be sold, the utility should 
control their sale. Only burners properly made and properly in- 
stalled should be introduced into the territory. It is true that in 
the past many burners comprised of a few pieces of pipe and a few 
pieces of brick thrown together were experimented with, but 
each time they have been a dismal failure. Poorly designed 
burners undoubtedly have very serious consequences, both on the 
demand for gas and in the satisfaction and good repute of gas 
heating. Today we have conversion burners which compare favor- 
ably with straight gas fired equipment, possibly not quite as high 
in efhiciency but which will give very reasonable satisfaction to the 
consumer, and after all, it is consumer satisfaction at a reason- 
able cost which should be our goal. The American Gas Association 
has recognized the importance of this activity and at the present 
time is drafting approval requirements for burners, accompanied 
by requirements to govern their installation. 


In studying reports from salesmen it is discovered that the first 
cost of a new gas-fired installation creates sales resistance. For 
example, a $300 charge for changing a present coal or oil-fired in- 
stallation to a straight gas-fired heating system compares with 
$110 to $125 for a conversion burner to do the same work. If we 
assume that sales resistance is directly proportional to the cost, 
it is twice as difficult to sell straight gas-fired equipment as a 
conversion burner. If we consider then the number of families 
able to pay $110 to $125 and the number of families able to 
pay $300, we increase the ratio to at least three to one. 


From the utility standpoint, on the basis of selling cost, the 
amount of money necessary to be carried on the company’s books 
in the form of time payments, and the addition of quick house 
heating revenue, the sale of conversions is very attractive. Over 
a period of a few years they also remove half of the sales resist- 
ance for furnace dealers, as gas for heating purposes will have 
a better acceptance and the merits of gas fuel will be proven. 


When selling conversion equipment, the actual conditions of 
the sale and what the company making the sale agrees to do 
for the consumer, should be carefully explained to avoid misunder- 
standing. It is felt that no attempt should be made at the time 
a conversion burner is installed, to overhaul or perfect the circula- 
tion of the consumer’s equipment. In this way the installer can 
not be held responsible for previously defective heating systems. 
The only object is to change the type of fuel being consumed by 
the appliance. When no attempt is made to rectify defective hot 
air ducts, the consumer is well acquainted with former peculi- 
arities of his heating system and will not expect more from the 
conversion burner than he has been accustomed to with the other 
fuel. 

It has actually been the case with one company that over 5,000 
conversion installations have produced fewer complaints on the 
part of consumers regarding defective ducts and poor circula- 
tion of heat than were produced with one-fourth that number of 
straight gas-fired heating installations. We know, however. that 
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the defect must exist in the case of the conversion installation, but 
that it was carefully explained to the consumer before the contract 
was signed; therefore, no disappointment was felt when the system 
was not improved. 

With a well perfected conversion burner, the entire satisfaction 
to the consumer rests first, upon the thorough examination of the 
heating element before installation for defects or leaks, secondly, 
upon balancing the draft conditions within the element in order to 
curtail waste of fuel, and thirdly, the proper location of room 
thermostats. It has been proved on conversion installations that 
thermostatic control is much to be desired and is less expensive to 
operate than manual control. Carefully installed conversions have 
no difhculty in attaining an operating efficiency of from 60 per 
cent to 67 per cent depending upon the type of equipment in 
which they are installed. 


Sales of Heating Equipment 

The sale of heating equipment involves many obstacles. First 
among these is the selection of salesmen and their training. Sev- 
eral methods have been adopted and tried cut by Pacific Coast 
companies. 

1. A method of having salesmen sell, layout and estimate their 
own jobs. 

2. To have salesmen sell and lay out their own jobs, but to 
be estimated by a trained estimator or by a sheet metal shop. 

3. ‘To have the salesman sell only from a bid and layout fur- 
nished by a trained estimator, and layout man. 

It seems to be generally conceded that it is much better to have 
the stabilizing efforts of separate estimator and layout men, 
in order to secure the best type of installation to the consumer. 

The compensation of salesmen is a widely discussed subject. 
The problem is to bring about a steady income for salesmen over 
the entire year. The most effective method to stimulate early 
spring buying appears to be a low down payment with the unpaid 
balance given a fall dating, subject to time payments after the 
due date. Effective selling can also be accomplished by offering 
a small discount on appliances during summer months in con- 
nection with a fall dating for payment. 

In certain territories salesmen are being paid a flat salary; cther 
territories a drawing account and commission; and in others sales- 
men are being paid a salary plus a commission, with a bonus 
at the end of the year if sales have exceeded a predetermined 
figure. Inasmuch as all three methods are being used on the 
Pacific Coast, the committee hesitates to make any definite recom- 
mendation regarding the best procedure. The only point that 
can be determined definitely is, that in order to produce the most 
satisfactory results, some form of commission or bonus payment 
must be attached to the salesman’s salary. : 

The supervision of salesmen selling heating appliances is an 
important problem. Supervisors should assist the salesmen in their 
work, help them to build up a clientele and act as a go-between for 
the salesman and the estimator layout man to eliminate friction. 
The supervisor should also be charged with the responsibility of 
producing a satisfactory volume of business by his crew, and with 
the third duty to protect the company he is working for from 
deviations from the original selling plan, by the salesman. Many 
times it is possible to offer a slight bonus to the supervisor on 
the sale accomplishments of his men. There is, however, a hazard 
in such a bonus of having the supervisor become too salesminded 
and overlook certain deviations which might be expensive to his 
company. When operating a large crew of men, it is felt advis- 
able to have a supervisor on a straight salary basis. 


Source of Prospects 


To produce the most satisfactory sales volume, every source ot 
prospects should be used. Many effective means of advertising 
are being employed such as direct-by-mail literature, billboard 
advertising, newspaper advertising, bill stickers on utility gas bills, 
model homes, etc. It is helpful to carry in all advertising in ad- 
dition to a description of the specific appliances, statements: 

1. To acquaint and remind the public of the fact that gas 1s 
the modern fuel to use for heating homes. 

2. To impress upon the public the advantages of gas as a fuel 
for heating homes. 

3. To explain to the public the benefits of heating with gas 
that are obtained at a very reasonable cost. 

Live working displays of heating equipment on sales floors 
are a material aid when closing a sale. Ample quantities of book- 
lets, folders and other types of hand literature should always 
be available near the appliance which is being demonstrated. 

New building construction is always a valuable source of pros- 
pects. Every new building owner should be contacted and the 
advantages of gas explained. After all, the new building of today 
if sold gas fuel, only takes one prospect out of tomorrow’s pros- 
pect file. 

Utility salesmen should be required to do canvassing work to 
unearth dormant prospects and make an open attack on com- 
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petitive fuels now being used. A utility salesman’s territory must 
be so divided that he will have ample time to spend at least 
one-third of his time every day in canvass work. The super- 
visor should require that his canvassing be done in a systematic 
manner. By these means salesmen’s accomplishments will be 
consistent and not of the spasmodic type which tends to break the 
morale of salesmen. If the salesman is doing consistent canvass 
work in a definite territory he will from time to time come in con- 
tact with previous sales that he has made or that other salesmen 
of the company have made before his time. These call-backs 
are always a valuable source of new prospects. 

Many cooperative employee plans are in effect on the Pacific 
Coast at this time and bonuses varying from $2.50 to $5.00 are be- 
ing paid employees who submit heating prospects which are sub- 
sequently sold by salesmen. The most successful compamies never 
offer a campaign sales plan without incorporating an appeal to 
their employees for support. 


Selling Prices 


A study was made by the committee of the various methods 
being employed to determine the ultimate sales price of central 
heating equipment to the consumer. The outstanding method 
being used by utilities is to have a sub-contractor offer a fixed 
scale of installation charges for the installation work. To this 
installation cost is added a regular list price for the appliance 
and controls and then this total amount marked up a definite figure 
to obtain the terms selling price. On the other hand it appears that 
the average heating contractor starts with his total net cost of a 
job installed, marking it up a definite amount for overhead, and 
profit. It is found that heating contractors under this plan are in 
a position to quote much lower prices to new buildings and com- 
petitive jobs, that is, when the utility is not making its own in- 
stallation. Although the cost may seem a little high when handled 
through a heating contractor, it is well worth the small extra 
cost for his experience and skill in handling the work. In all cases 
where work is being paid for by the gas company, it should be 
under the direct supervision of the gas company’s representative. 

Dealer cooperation is a broad subject to attempt to cover. How- 
ever, most utilities on the Coast are composing their sales plans 
and advertising in such a way that it will be of benefit to all 
heating contractors. One company, for example, offers a $5 bonus 
to the salesman in whose territory a heating contractor makes 
a central furnace installation. Although this plan has merit in 
reducing friction between utility salesmen and representatives of a 
heating contractor, it is questionable if a greater volume of busi- 
ness is produced. The commission of the utility salesman is 
usually greater than the amount of the bonus and is not an object 
unless he is called upon by the dealers for help before he is 
actually working on the job. 

Inasmuch as the late summer and early fall is considered the 
most opportune time for selling gas heating equipment in volume 
by all companies on the Pacific Coast, the committee feels that 
a cooperative effort would be advisable, tying in with the adver- 
tising campaign now in progress by the association, using as its 
slogan, “Gas, the Modern Fuel for House Heating.” From informa- 
tion received, it appears that during the fall of 1930 more effort 
will be put forth on the sale of gas heating equipment on the 
Pacific Coast than has ever been expended before. Nearly every 
company has a definite campaign plan provided for which has a 
large amount budgeted for advertising purposes. Again the com- 
mittee appeals for some uniform slogan to be adopted by all 
companies advertising. 


Servicing Heating Appliances 

The service furnished the user of gas-fired heating plants ts 
one of the most important selling features which can be offered. 
With no other fuel is there such a close relation between the 
seller of the appliance and the seller of fuel. When a consumer 
heats his home with gas, he is buying the finest fuel that its 
obtainable and the service which the consumer is given by the 
gas companies will determine whether or not he is going to con- 
tinue to heat his home with gas and whether he will recommend 
gas to others. Gas companies should furnish service work without 
charge, except for replacement parts. It is not felt advisable 
that a consumer be charged for a service call which is merely, 
for the purpose of lighting and adjusting the equipment. On the 
other hand, if the consumer was encouraged to understand his 
heating system and could be instructed how to turn it off and on, 
he would oftentimes be in a position to help himself in an emerg 
ency. The servicing of centralsheating equipment should include 
the cleaning and adjusting of any part of the gas-fired equipment 
that may be necessary. Often times it will be necessary to clean 
and adjust other parts of the heating system in order to give the 
consumer satisfactory service. Major repair work, such as replac- 
ing sections in a boiler, elements of furnaces and like, should not 
interfere with giving prompt response to service calls. Correction 
work and replacing of major parts should be turned over to 
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heating contractors to negotiate with the consumer before their 
complaint becomes serious. 


High Bill Complaints 


High bill complaints should immediately be taken care of and 
adjusted, or at least a mutual understanding be agreed upon be- 
tween the consumer and the utility. In adjusting high bill com- 
plaints, the degree day charts should be available to the adjust- 
ment department which will show a comparison of the number 
of degree days in any period of the heating season to the number 
of degree days in the entire average or normal heating season. 
This will give a very accurate ratio which can be used to determine 
the merit of a consumer’s complaint. Gas used for heating dur- 
ing any part of a season bears the same ratio to the total season’s 
consumption that the number of degree days in that part of the 
season bears to the degree days in the entire heating season. The 
record of the degree days makes it possible not only to reassure 
the consumer who is alarmed about the size of his midwinter gas 
bill, but to forecast the bas bills for the remaining months of the 
year or season. A number of other common causes for high bills 
are: 

1. The consumer maintains a higher room temperature than 
was made the basis of estimates of heating cost, either because he 
desires this high temperature or because his controls are defective. 

2. Improper location of thermostat. 

3. The construction of the building, not being as tight as esti- 
mated for. 

4. Improper ventilation in the house which will restrict the 
circulation of hot air. 

5. Other appliances such as automatic water heaters, or ranges 
may be using an increased amount of gas. 

Any of the above reasons should be carefully explained to the 
consumer in detail and a definite understanding agreed upon be- 
fore adjustments are made. 
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A.G.A. Approved Appliances and Blue Star Installations 

In the majority of Pacific Coast Territory, American Gas Asso- 
ciation approved appliances are being insisted upon by utilities 
and leading dealers. A number of cities have already enacted or- 
dinances insisting on only approved appliances. This movement 
has spread very rapidly during the present year; even small com- 
munities are adopting by reference ordinances of larger cities which 
include this point. 

Although a number of model homes have been completed in 
which Blue Star installations have been made, under actual prac- 
tice little headway has been made on the Coast to insist on all of 
the requirements covered under the Blue Star. 


Summary 
In conclusion, the committee feels: 


1. That gas for house heating is rapidly advancing towards the 
point of being the universal fuel. 


2. That greater work is being put forth by utilities and heating 
contractors combined than has even been witnessed heretofore. 


3. That aggressive merchandising of gas heating appliances by 
utilities will tend to off-set organized efforts of competitive fuel 
dealers. 

4. That a higher quality of installation and type of appliance 
is being featured than has been featured in the past. 


5. That it is the general concensus of opinion that in order to 
maintain the high respect now being established for gas fuel, qual- 
ity installations must be continued. 


6. That more intensive cooperative advertising be adopted 
among utilities and dealers to keep gas fuel in prominence. 


7. That only truthful and ethical competitive advertising be 
employed in the sale of our product. 


Gas Refrigeration* 


OR the past three or four years we have heard at these con- 

ventions a great deal about the importance and romance of 

gas refrigeration. I want to reiterate again its increasing 
importance to the industry. How many of us, who for the past 10 
or 15 years have been crying for some romance in our business, 
have actually given our aid and support to the development and 
furtherance of gas refrigeration during the past 12 months? 

At the outset, I personally want to appeal for executive and 
managerial support for this newest form 
of utilization. 

The gas refrigerator is an appliance 
that is entirely different from any other 
appliance that we have heretofore had in 
the domestic field. Its sale, installation, 
and servicing requirements are vastly dif- 
ferent from any of the ordinary, easily 
adjusted domestic appliances which our 
service department is accustomed to in- 
stall and service. 

If the gas range top burner or the 
oven does not function properly, the con- 
sumer can substitute the use of the bal- 
ance of the appliance for that particular 
service and can actually cook without 
serious inconvenience. The same applies ~~ 
to the hot water heater. If it is totally 
out of service, water can be heated on 
the top of the range, or if the space 
heater fails, sufficient heating usually can be attained from the 
other heating equipment with the assistance of the gas range oven. 
Therefore, practically all gas companies have not been called upon 
to give prompt service on adjustments, that is one, two, or even 
three days on ordinary requests for adjustment, have been consid- 
ered satisfactory from a public relations standpoint. 

Obviously, if this policy is continued in servicing gas refrigera- 
tors, we know what the result will be. There is no substitute in 
the house for gas refrigeration. : 

If the refrigerator fails, there is apt to be a serious loss in food 
amounting to a considerable sum of money, to say nothing of the 
family not being able to have the accustomed chilled foods and 
iced drinks. It is quite possible that the failure of the refrigerator 
would seriously embarrass the customer with her friends. 


Geo. W. Smith 


Chairman 


-— 
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There is a universal practice to give priority to leak orders. 
However, in the case of gas refrigeration, there is no hazard or 
liability involved as in the case of leakage, but it is the conclusion 
of your committee that gas refrigeration service calls should be 
placed next in priority, or importance to leak orders. 

As a load builder, the gas refrigerator is a very unique appli- 
ance in that it adds to our net gain definite consumption which in 
this day of threatened decline in domestic consumption should cer- 
tainly not be overlooked. 

There has been so much said about the low cost of operation of 
gas refrigeration as compared with other competitive types, that 
the impression has become almost universal that from a load build- 
ing standpoint the gas refrigerator develops only a few cents’ 
worth of revenue per month. 

Due to the changing living conditions, in the ordinary family 
of today, there has been a tremendous reduction in the amount 
of fuel used for cooking purposes. This subject has been amply 
covered by many previous papers and no time or space need be 
devoted to its discussion at this time. Sufhce it to say, however, 
that the cooking load has diminished in the year 1930, in natural 
gas territory, to a point approximately 350 to 450 cubic feet per 
month per person, and is still on the decline. To meet this startling 
reduction in our cooking revenue, we have a most effective weapon 
in gas refrigeration, which uses approximately 900 cubic feet of 
natural gas per month for the ordinary domestic size. This figure 
is based on actual tests made throughout Southern California 
where the refrigerator has been in use for four years. 

The tendency of the housewife to be weaned from the kitchen, 
which is reflected in our declining domestic load, is being reversed 
by the gas refrigerator. 

A strong weapon in the hands of our competitor is the mechan- 
ical refrigerator introduced into the kitchen of the gas range user. 
Later, by aggressive salesmanship, pointing out the economies of 
combination rates, et cetera, the gas range can be very easily 
removed and replaced by him. 

It has been proven by aggressive gas refrigerator merchandisers 
that where a gas refrigerator is installed in the ordinary home, 
alongside an antiquated old style gas range, that it is compara- 
tively easy at a later date to remove this range and replace it with 
a modern range, thus retaining business that is open to our com- 
petitor. 

In apartment houses, where every utility is sustaining a loss on 
many of the individual accounts, it is possible to convert the mini- 
mum consumer into a profitable one by the installation of a gas 
refrigerator. 

Serious inroads have been made in our apartment house busi- 
ness, particularly in new construction, by our electric competitor 
because of his ability to render duplicate service, namely—cooking, 
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as well as refrigeration. With the introduction of gas refrigera- 
tion it is now possible for the gas utility to compete for this busi- 
ness, which under the present conditions can be made profitable 
for the gas utility. 

A recognized hindrance in gas refrigeration sales and develop- 
ment has been discussed at length by the committee, namely, the 
passive or negative attitude of the combination companies. 


This unfavorable attitude has been reflected into the territory 
where gas refrigeration is being actively promoted, with ill effects. 

It would appear that the years 1930 and 1931 are logically 
tremendous refrigeration years because of the large amount of 
money which is being spent for national advertising by the auto- 
matic refrigerator manufacturers and their agents in the field. It 
logically follows that we must develop sufficient sales during the 
next two years to retail the position which rightfully belongs to 
gas refrigeration in the domestic field. 


Your committee wishes to point out that the two outstanding 
problems of gas refrigeration, namely, installation and _ service 
practices and sales, should be covered by two separate and dis- 
tinct papers. Therefore, the paper entitled “Successful Sales 
Methods of Gas Refrigeration” has been prepared by J. E. Kern, 
refrigeration sales engineer, Southern California Gas Company. 
This company has done an outstanding selling job during the past 
year and now has on its line refrigerators producing approxi- 
mately 5,280,000 cubic feet in new revenue. 

It has come to the attention of the committee that a few of the 
smaller companies which started on refrigeration have lost their 
enthusiasm because of some difhculties. This indicated to the 
committee that a paper on “Installation and Service Practices” 
would be of material assistance to those companies which have 
experienced some difhculty along this line. The committee there- 
fore arranged for the preparation of a paper entitled “Installation 
and Service Practices,’ by H. W. Leighton, Electrolux engineer, 
Electrolux Sales, Incorporated, who undoubtedly is the best 
equipped man on the Pacific Coast regarding this subject. 

The committee found that where intelligent and sympathetic 
supervision had been given gas refrigeration not only in sales but, 
probably more important, in intelligent planning of installation 
and service work by the executives and management, service prob- 
lems had been reduced to a minimum, while sales and enthusiasm 
on the part of the utility organization were such as to insure won- 
derful success for gas refrigeration in the future. 


METHODS OF SELLING GAS 
REFRIGERATION* 


HE sale of gas refrigerators, having passed the introductory 

or development period, is receiving more and more atten- 

tion from the sales managers of the gas industry. Some 
very notable sales records have been made during the current 
year and the sales managers who have analyzed the situation, and 
see the possibilities, are unanimous in their opinions that the 
future of gas refrigeration is exceedingly bright. 

Fortunately, because of the activities of the electric refrigerator 
merchandiser, the general public has had a comparatively recep- 

tive mind for the acceptance of mechanical 
4, refrigeration. We might say that the 
, public is now “refrigeration conscious” 
and that it is an ideal time for us to 
place the gas refrigerator in the spot- 
light which it so rightfully deserves. 

It has become apparent that in order 
to actively merchandise gas refrigeration, 
an alert, wll trained sales organization 
is highly essential. Results are attained in 
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Y Gj direct proportion to the amount of energy 
g 7 directed toward achieving them, and the 
Uy 7 records of some of the gas companies of 


the Pacific Coast clearly indicate the 
thought and activity that is being centered 


Y UY ; 
ALLEGE around refrigerator sales. 


In the past I believe that as a rule our 
salesmen have allowed themselves to burn 
up too much sales energy in a technical 
explanation of how an Electrolux gas 
refrigerator operates. At the very outset when Electrolux was 
first being introduced perhaps it was necessary to touch a bit 
heavily on the operation of the refrigerator. However, conditions 
are changing, and the more a salesman talks in terms of health, 
food preservation, economy, silence and all those other matters 
which are closest to the hearts and minds of his refrigerator pros- 
pect, the more he will sell Electrolux refrigerators, and lots of 
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them. Perhaps those who have been directing the training of our 
salesmen have been so enthusiastic about the operation of the re- 
frigerator that they unconsciously have neglected to insist on their 
men talking “the customer’s language,” building their sales talks 
around what a gas refrigerator will do for the prospective pur- 
chaser. Every salesman selling Electrolux gas refrigerators, or any 
other piece of merchandise as well, should build up his sales story 
around what that article will do for the purchaser. Each and 
every one of us is basically the same. Before we make a purchase 
we unconsciously ask ourselves “what will it do for me?” If the 
salesperson waiting on us has painted a complete picture for us and 
has told his story well, the chances are that we will buy. If he 
has not, we postpone making our purchase and eventually buy else- 
where. ‘Therefore, it behooves us to talk our customers’ language. 


Electrolux gas refrigerators have now been sold on the Pacific 
Coast for a little better than three years. Most of the gas com- 
panies do sell Electrolux or are making preparations to do so. It 
is interesting to note some of the methods used by the various 
companies in selling refrigeration, and the aim of this paper is to 
outline a few of the methods which have shown the greatest 
volume of sales. 

Employee sales campaigns have proven themselves a powerful 
potential sales builder. In order to sell a product effectively, you 
must believe in it yourself in order to present first-hand facts. 
Every gas refrigerator in the home of an employee is a silent 
salesman and develops many leads from friends, neighbors and 
visitors. The plan used this year by the Southern Counites Gas 
Company of Los Angeles is an unusually attractive one and has 
netted a nice group of employee sales. Their plan permits an em- 
ployee to purchase any model Electrolux at company cost; the in- 
stallation is made at company cost (there are no storeroom or 
handling charges added), and the total may be spread over a two- 
year payment period with a ™% per cent per month carrying 
charge added. 

The employee special sales campaign of the Southern California 
Gas Company of Los Angeles vielded 150 employee sales during 
the two months of May and June, 1930. The terms of the special 
enabled any employee or member of his immediate family to 
purchase an Electrolux gas refrigerator at the company’s cost in- 
stalled; 10 per cent was required as the down payment, while 
the balance was spread over a two-year period with no interest 
charges added. 

Similar employee sales programs have been conducted by other 
Pacific Coast gas companies and it has been clearly and definitely 
determined that sales to employees are extremely valuable sales to 
make. Regardless of how.competent a sales talk on refrigeration 
any one of our employees might make, if upon being questioned by 
a prospective purchaser it is found that he doesn't even have 
one, all of that sales effort has been misspent. 

It has become quite generally the case in most of the gas com- 
panies that when an employee develops a prospect for an appli- 
ance and that prospect is sold, the employee receives a sales bonus 
or a commission on the sale. There is no substitute for the “pocket- 
book appeal,” and once an employee has cashed a few of his em- 
ployee sales bonus checks, he is a definite factor in your sales 
programs from then on. 

The Southern Counties Gas Company has been very successful 
in selling Electrolux gas refrigeration to a number of “key mem- 
bers’ of some of the communities which they serve. They have 
found it very effective in promoting their sales to have gas re- 
frigerators in the homes of these people, and so have concentrated 
on architects, builders, prominent lodge members, educators, and 
“key” business men. Once after having used a gas refrigerator, of 
course these people are very enthusiastic about them, and their 
testimonial letters and recommendations have considerable bearing 
on other potential sales. Often in order to place gas refrigeration 
in the homes of some of these “key” members of a community it 
is necessary to shave the price down to a somewhat narrow mar- 
gin, but these folks can and are being sold and there isn’t any 
question as to the value of their recommendations. 

Testimonial letters have always been a factor both in adver- 
tising and in selling. Grouped into territorial districts, they can 
be worked into the sales story of every man selling gas refrigera- 
tion, and add conviction and forcefulness to his story. I believe 
more thought and attention should be given to the securing of 
good testimonial letters, and then more thought and care employed 
in the use of them. A good testimonial letter often packs enough 
power to mean a sale where otherwise a sale would not result, 
so let’s see that this vital part of our sales organization is func- 
tioning to its fullest extent. 

A number of gas companies have adopted the policy of granting 
a group discount to employees of some of the large industrial users 
of their gas. The plan calls for a 20 per cent discount on pur- 
chases of Electrolux in groups of 10 or more sales in any one 
month. The plan has also been extended to take in city em- 


Page 86 


ployees, women’s clubs and similar organizations. Sales pans of 
this character have been found to be very productive both in vol- 
ume of sales and in the enthusiasm developed over the advantages 
of Electrolux gas refrigeration. 

Credit is due the Seattle Lighting Company and the Portland 
Gas and Coke Company for the noteworthy work they have done 
in selling apartment house installations of Electrolux. It seems 
as though most of the other Pacific Coast gas companies have 
lacked the necessary initiative to step in and equ:p some of the new 
apartment installations in their areas with gas refrigeration. From 
an advertising standpoint, apartment installations are extremely 
valuable. As might be expected, competition is unusualiy keen on 
this type of installation, but they should be sold regardless of the 
margin of profit. Tenants of an apartment house are more or less 
of the transient type and can be considered as potential home 
owners. It has been found that they sing the praises of this type 
of refrigeration to their friends. In these days the kitchenette of 
an apartment house becomes the congregating point for the men 
folks of any party, and the refrigerator always becomes the topic 
of conversation. Its silent operation attracts attention, and at the 
same time the woman who uses the appliances becomes a “talking”’ 
advertisement for its merits. This fact should not be under-esti- 
mated in building sales and good will. 

It is a fact that volume sales such as apartment house jobs, 
well advertised through the local newspapers, make it much easier 
for the salesman to sell the individual machine. 

Electrolux gas refrigerators have also been a factor in the mod- 
ernization of any number of old apartments and flats. While the 
modernization of individual dwellings usually involves extensive 
remodeling, that of apartment houses is a much simpler matter, 
since the installation of automatic refrigerators is often the only 
necessary addition. People looking for apartments today are in- 
sisting on automatic refrigeration, and are willing to pay addi- 
tional rent in order to have it. Many of the older apartments 
when modernized are able to compete with their newer competi- 
tors and can command a much higher rental than before. 

If we want the public to be interested in gas refrigeration, we 
must first become enthusiastic ourselves. We should then allow 
our enthusiasm to reflect itself in good window display and floor 
display advertisements that tell our wonderful story about heat 
making ice. Gas appliances do not sell themselves. Having a floor 
salesman on the job attests to that fact. They must be sold by a 
well organized sales force. Window and floor displays are an 
integral part of this sales organization. Why not use them to 
blaze the way for your floor salesman by creating the initial de- 
sire tor our appliances? A good display will sell gas refrigeration 
just as surely as the salesman who ultimately gets credit for taking 
the order. Window display copy must be kept brief. Too often 
there is the tendency to tell a story so completely that the copy 
grows unwieldy, thereby defeating its own purpose. The best copy 
is that which can be read at a glance. 

I believe a word should be said about “sales slanting’ our 
service calls. Perhaps the most useful advice on this subject is 
aptly presented in the following set of instructions which one of 
our gas companies has built up for the guidance of their service 
men: 

“Whenever you work on a gas refrigerator you must 
remember that the customer has paid for an expensive 
appliance—that he expects you to install the ice box or 
adjust its operation promptly and efficiently, and above all 
that he will expect you to know your job. From time to 
time you will meet with conditions which will strain your 
tact to the utmost. Always remember at these times that 
the customer expects the box to perform perfectly and that 
while the trouble may seem trivial to you, it is really a 
very important matter to him. A friendly way of talking 
to the customer will frequently do more to set the re- 
frigerator right than any amount of careful adjusting. A 
list of general rules governing customer contacts is as 
follows: 

1. Find out what the customer’s complaint is in case it 
is not already shown on your trouble complaint. 

2. Say as little as possible. Never attempt to explain 
anything about the box to the customer, other than the 
most simple principles of operation. 

3. Always get the customer’s name when answering a 
complaint. 

4. Let the customer know when you are leaving the 
premises. 

5. Always leave a clean refrigerator when you go. Pick 
up any matches or other materials that might be left 
lying around. No job is a complete job unless it is also 
a clean job.” 

Public relations are always a factor in promoting the sale of 
anv product, and perhaps the best way we can better our public 
relations is to first consider our customers’ side of the picture. 


WESTERN GAS 


During the past year there have been nearly as many different 
refrigerator sales campaigns as there have been gas companies 
active in them. Undoubtedly each campaign has its individual 
advantages and disadvantages, but there have been several here 
on the Coast that have produced results in a rather large way. The 
Electrolux refrigerator campaign terms of the Southern California 
Gas Company during the months of May and June, 1930, were 
briefly as follows: A 5 per cent discount was allowed for any 
traded in ice box, old ice box serving as the down payment. Where 
there was no trade-in, a $10.00 payment served as the down pay- 
ment. ‘Twelve months were allowed for payment, no interest. 
Payments could be spread over 24 months upon the addition of a 6 
per cent carrying charge. To home owners only was granted the 
privilege of 36 months for payment; in this case the carrying charge 
was 12 per cent. The above offer was very well received by the 
customers of the Southern California Gas Company and a total of 
408 Electrolux gas refrigerators were sold during the two-month 
campaign. 

The “Save a Wife” campaign of the Southern Counties Gas 
Company also proved a very productive type of campaign, with 
many wives reported as having been saved. 

In conclusion, I want to emphasize that the future of gas re- 
frigeration has never appeared brighter than it does today. The 
sales methods which have proven successful so far can easily be 
followed, as they have been based on sound merchandising prin- 
ciples. The appeal is to the prospect, and is, and should always be 
on the basis of results rather than on the appliance itself. A well 
rounded sales organization, carefully trained in the merits of their 
product, is certain to be productive of results. 

The future is going to be just what we make it. Gas refrigera- 
tion has contributed much toward the popularization of the gas 
industry. Let’s maintain the momentum we have accumulated so 
far, and add to it each succeeding year. 


INSTALLATION AND SERVICE PRACTICES OF 
GAS REFRIGERATORS* 


CUSTOMER who purchases a modern gas refrigerator has 
A every right to expect that satisfactory operation will begin 

immediately upon installation, and will continue without 
interruption for a long period of time. The writer hopes to point 
out in this paper certain practices which, if followed, will permit 
the customer to receive such sat.sfactory operation. Gas refrigera- 
tors are so extremely simple in operation that there seems to be a 
tendency on the part of service men to eleminate an effect, rather 
than correct the cause. It has been said that gas refrigerators are 
serviced more with the head than with the hands. If gas re- 
frigerators are supplied with the correct amount of gas and cool- 
ing water, there is no reason in the writer’s mind why they should 
not continue to operate satisfactorily, indefinitely. 


Prompt Service 


When complaints are received, they should be handled promptly 
and intelligently. They should be placed in the same class with 
“leak orders’—not that an inoperative refrigerator constitutes a 
hazard, but rather that considerable amount of food may spoil as 
a result. If other gas appliances fail to function, the consumer 
can usually find a temporary substitute—in other words, if a gas 
range burner should fail, the oven may be used, or if a water 
heater should fail, water still may be heated on the range. Thus 
the consumer will not be seriously inconvenienced. This is, of 
course, not true in the case of the refrigerator. 

It should hardly be necessary to mention “intelligent service,” 
yet there has been, and still is a tendency on the part of certain 
gas company executives who believe that all that its necessary to 
service a refrigerator or other appliance is to g:ve a man a screw- 
driver, a pair of pliers and an address, and tell him to “go to it.” 
It is undoubtedly true that any man with ordinary intelligence, 
and with a little preliminary training, can make satisfactory ad- 
justments on ranges, water heaters, space heaters, etc. These appli- 
ances are so designed that they will perform satisfactorily over a 
wide range of adjustmnts and B.t.u. input per hour. On the other 
hand, gas refrigerators present an entirely different problem, and 
there should be at least one man in every organization who is 
thoroughly versed in their proper adjustments. The writer can not 
stress this point too emphatically. He has watched the number of 
service calls diminish, and satisfied users increase, as service men 
become better trained. 


Burner Adjustment 


Perhaps the most important single adjustment is that of the 
maximum flame for each model of refrigerating unit. Present 
day gas refrigeration units of the continuous cycle type, have a 
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small percolator tube w.thin their generators, which serves as a 
pump to lift liquid from a lower to a higher level. If more than 
a certa:n optimum amount of heat is applied to the generator 
hue, the pumping action, and therefore the refr-gerating effect, is 
greatly reduced. A certain per cent of applied heat over the 
optimum amount will actually produce less refrigeration than the 
same per cent under the optimum amount. ‘The manufacturer, 
of course, specifies the correct B.t.u. input for each model. It ts 
therefore up to the installation man to adjust the burner orifice 
for the correct amount of gas, and no other. Then, a smail 
inexpensive gas pressure regulator of the dead weight type. 
installed directly at the refrigerator, will insure that the applied 
pressure, and therefore the B.t.u. input, will not vary. 


The higher the heat content of our gas, the more necessary it 
is, of course, that the pressure should remain constant. ‘There are 
several ways of measuring the flow of gas. One is to make use 
of the one half cubic foot hand of the house meter over a period 
of time, the longer the period, the better. Another, is to connect 
a portable flow meter before the pressure regulator. Still another 
is to measure the drop of pressure between the burner adjustable 
orifice and another temporary orifice, directly above the first one. 
The drop from the static pressure will be proportional to the 
amount of gas which is flowing. Still another method is to make 
use of a fixed orifice and pressure regulators. Because of varia- 
tions in pressure, specific gravity, and B.t.u. content of various 
fuels, it will be appreciated that a pressure regulator and a pre- 
determined size orifice to meet the particular local conditions, 
must be used. A different size orifice is also necessary for the 
various models of Electrolux refrigerators, as the maximum heat 
input varies with models. 

Gas refrigerators are inherently absolutely silent. ‘Therefore, 
if any noise is present, it is because of high gas or water pres- 
sure. Both of these conditions are very easily remedied by the 
installation of suitable pressure reducers. Burners are designed 
for certain specified pressures and B.t.u. If they are operated at 
a higher pressure than specified, they may be noisy provided that 
sufficient primary air is being used. ‘There has been a tendency 
on the part of service men to adjust the burners for quietness, 
rather than good character of flame. This has resulted, in some 
instances, in sooted generator flues, offensive odors, smoked up 
kitchens, and incidently dissatisfied users. All of this trouble 
probably would have been avoided, if gas pressure regulators had 
been installed at the time the refrigerators were placed in oper- 
ation. 


Vents 

In certain localities the question of vents to carry away products 
of combustion, seems to still be a debated subject. In the writer’s 
opinion, and for obvious reasons, it is believed that vents are 
not only unnecessary, but undesirable in connection with a con- 
tinuously operating absorption type unit. If they are used, how- 
ever, certain precautions should be observed. A vent should not 
be connected directly to a refrigerator, because the amount of 
heat from the small flame is not sufhcient to keep the vent at a 
temperature above the dew point. There should be a_ space 
between the generator flue and vent, similar to a down draft 
hood; otherwise, objectionable condensation will probably take 
place. If sulphur is present in the gas, it will combine with 
the condensate to form sulphurous acid. The acid in turn will 
combine with the metal that it comes in contact with, unless the 
metal is protected by some suitable acid resisting substance. 

Any stream of warm air, no matter how free of carbon, will 
eventually darken up a light wall if directed at one spot long 
enough. This is because the stream will pick up dust, which will 
later be deposited on the wall. It is therefore, recommended that 
gas refrigerators be placed not too close to a light wall unless 
suitable deflecting hoods, similar to those found occasionally over 
steam radiators, are used over the vent. 

The practice of “building-in” refrigerators flush with the wall 
is to be discouraged, unless means are taken to supply the burner 
with air from the same space to which the flame is vented. This 
is because any sudden concussion in a room, such as would be 
caused by the closing of a door, might cause a draft to be 
violently expelled through the refrigerator flue, thereby causing 
the flame to be extinguished. 


Automatic Gas Control 


Burners that are used with domestic refrigerators, are of the 
type known as safety “Klixon,’ so called because a bimetal disk 
contained within the burner, will, under the action of heat, expand, 
thereby opening a small valve which permits gas to flow to the 
burner orifice. A small copper conducting strip, so mounted as 
to be in the outer mantle of the flame, conducts heat to the 
bimetal disk. If the flame is extinguished, the source of heat to 
the bimetal disk, is, of course, interrupted. In a few seconds the 
disk will suddenly “click,” thereby shutting off the flow of gas. 
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To relight, it is only necessary to heat the disk with a match 
or some other flame until the disk “clicks” open. High B.t.u. gas 
requires more secondary air than does gas of a lower heat content, 
consequently the greater part of combustion takes places higher in 
the Hame. ‘This results in a much cooler burner barrel in the 
case of high B.t.u. gases. Care should be taken, therefore to see 
that the heat conductor to the bimetal disk, and the burner barrel 
are not in actual contact. Otherwise the burner barrel may rob 
sufhcient heat from the heat conductor, especially when a minimum 
fame i: being used, to cause the disk to “click” closed. 


Box and Chilling Unit Temperatures 


Probably the most misunderstood term pertaining to any 
automatic refrigerator, is that which we call “constant temper- 
ature.’ Such a condition really does not exist. There are two 
ways of controlling the temperature within an automatic refrig- 
erator. One is to place a temperature controlling device within 
the food compartment of the refrigerator, and set it to maintain 
as even a temperature as possible. ‘The other method is to place 
a temperature controlling device on the chilling unit, and set it 
to maintain as constant a temperature as possible. Both methods 
have their advantages and disadvantages. In the first case, 
where an attempt is made to maintain a constant food compartment 
temperature, the chilling unit temperature will vary in accordance 
with the load, becoming colder in warm weather than in cold. 
From this it will be seen that the chilling unit will defrost without 
warning, if the room temperature in which the refrigerator is 
placed decreases to about 50 degrees; but the food compartment 
temperature will remain constant. If the owner is not aware of 
this fact, the conclusion that the refrigerator is not functioning 
properly, is immediately reached, and a request for service is 
made. 

In the second case, where the temperature controlling device is 
placed on the chilling unit, the freezing speed is always constant, 
regardless of reasonable room temperature variations. ‘This is 
because of the fact that the chilling unit is always held at nearly 
a constant temperature. Food compartment temperature will then, 
of course, vary with the room temperature, being colder when 
the room is cold, and warmer when the room is warm. Expe- 
rience has shown that the food compartment temperature will 
change about one degree for each three degrees variation of room 


temperature. This change will occur however, about three or 
four hours after the room temperature has changed. This time 


lag is due to the excellent insulation now used in modern refrig- 
erators. The temperature within a refrigerator of the latter type, 
will drop below the freezing point if the refrigerator is in a room 
temperature below 50 degrees, for a period in excess of three or 
four hours. From the above it will be seen why all automatic 
refrigerator manufacturers prefer to place refrigerators in a 
kitchen or breakfast nook, where room temperature variations are 
not extreme. Besides being more convenient to use, a refrigerator 
so placed, will give more satisfactory operation. 

At least 90 per cent of all automatic refrigerators now on the 
American market, have their temperature control from the chilling 
unit, and therefore, consequently have a variable food compart- 
ment temperature. They are designed to maintain a food com- 
partment temperature between 40 and 50 degrees, in room tem- 
peratures between approximately 60 to 90 degrees. From this 
it will be seen that if a salesman, either through ignorance, or 
zeal to consumate a sale, promises a constant temperature, he is 
committing his service department to something which it is 
impossible to accomplish. It will also be seen that it is not wise 
to furnish the customer with a thermometer and allow him to 
worry about temperature. A service man upon investigating a 
temperature complaint, should first determine the location of the 
thermostat bulb. If the bulb is in the food compartment, the 
thermostat should be so adjusted as to keep the food compartment 
temperature at 40 degrees, irrespective of whether or not there is 
any frost on the chilling unit. If the bulb is on the chilling unit, 
the temperature of the chilling unit should be 18 degrees, irre- 
spective of whether the food compartment temperature is below 32 
or above 50. 


Cooling Water 


The heat which is extracted from the interior of any refrig- 
erator, must be gotten rid of in some manner. In the case of the 
ice refrigerator, the heat is carried away in the water of the 
melted ice. In the case of a refrigerator cooled by means of a 
mechanical refrigerating unit, heat is carried from the interior of 
the refrigerator to the unit, by the contained refrigerant. The 
refrigcrant is cooled by passing it through coils over which air 
is driven by means of a mechanical fan. Gas refrigerators have 
no moving parts, and a fan 1s therefore not available. Conse- 
quently, resort is made to a supply of continuously availab’ 
cooling water. [The amount of cooling water necessary wi | 
depend upon three factors, the size of the refrigerator, the room 
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temperature in which the refrigerator is operating, and the tem- 
perature of the inlet water. An economizing water control valve 
is always mounted on the refrigerator. It is a device that will 
automatically control the flow of water, by maintaining the outlet 
water at nearly a constant temperature. The valve should be so 
adjusted that the outlet water temperature is never in excess of 
100 degrees. The writer has never experienced an occasion where 
the cost of water was a serious factor wherever the available 
water supply was at a temperature below 85 degrees, and where 
the water control valve had been properly adjusted. We are safe 
in assuming that two-thirds of a cubic foot of water per hour, is a 
good year around average. 

These valves are designed to operate at a water pressure of 
15 pounds per square inch. If water pressures in excess of this 
amount are encountered, the water may produce a hissing sound 
as it passes through the valve. A suitable pressure reducer set 
to 15 pounds will, of course, eliminate this annoyance. Care 
should be taken however, to see that the pressure is not reduced 
much below 15 pounds, otherwise a small amount of collected 
sediment may cause the cooling system to become clogged. A very 
suitable arrangement to exactly determine the proper setting of 
the water pressure reducing valve, is to install a brass tee, in 
which a pressure gage has been inserted, immediately after the 
valve. After the valve has been given the proper adjustment 
the gage may be removed, and a brass pipe plug substituted for it. 


Connections 


The use of iron nipples either black or galvanized, anywhere in 
the water line, should be carefully avoided. As a matter of fact 
no iron pipe of small diameter should be used in the water line 
after once a brass accessory, such as a shut off cock, is used. 
This is because of the fact that electrolytic action caused by two 
dissimilar metals and chlorinated water may result in the iron 
pipe becoming clogged. ‘The water in passing through the refrig- 
erator is not polluted in any way. It is merely raised in tem- 
perature. Disposal, therefore, is very simple. The usual method 
is to drain into a sewer pipe in a manner prescribed by local 
ordinances. 

In conclusion, the writer wishes to point out that all adjustments 
can and should be, made in the shop before delivery. Experience 
has taught large distributors that setting up and adjusting refrig- 
erators in their shops before delivery, has been productive of 
decreased service calls, and therefore decreased service expense. 
Installation of gas and water regulators, and possibly a gas filter, 
will duplicate conditions under which the refrigerators were 
originally adjusted. They will therefore, immediately render 
satisfactory service, and will continue to do so for a long period 
of time. Through such satisfactory operation Gas refrigerators 
may be relied upon to build a very appreciable gas load, and 
probably what is more important, public goodwill and confidence. 


Industrial Gas Sales* 
INTRODUCTION 


N planning the work of this committee it was thought advisable 

to form a number of sub-committees each entrusted with some 

one phase of the industrial utilization of gas. The subjects 
treated together with a brief summary of 
the findings, prepared for the casual 
reader are as follows: 


Restaurant and Institutional Sales 


The sub-committee has brought out the 
value of a special plan for securing busi- 
ness where gas replaces solid and liquid 
fuel and electricity showing the savings 
effected and the many added advantages. 
Savings shown are from $2 to $50 monthly 
where coal and oil were replaced using 
550 B.t.u. manufactured gas and a greater 
saving where electricity was _ replaced. 
Only careful analysis of each case made 
this possible. This is desirable business 
and well worth the cost involved in mak- 
ing the installation. Each job secured 
represents in gas consumption that of 25 
to 30 domestic consumers. 

The rate applicable to each case cited 
has been given so the data can be applied to any territory for com- 
parison. Two of the reports were from manufactured gas terri- 
tory and one from natural gas territory. 


*Report of Industrial Gas Sales Committee: Ray Trowbridge, Chairman, 
Seattle Gas Company. 


Ray Trowbridge 
Chairman 


WESTERN GAS 


Non-Ferrous Metals 


This Committee has attempted to compile some tangible infor- 
mation on which to base estimates for results of similar jobs else- 
where on the Coast. When obtaining this data no attempt was 
made to select only the most modern equipment but to get the data 
on equipment in operation; the thought being to have a basis for 
comparison when selling new installations. While in the majority 
of cases the data sheet only will be used it was thought desirable 
to submit the entire report in the hope that some will find other 
portions of value. 

Considerable of the data compiled is on stereotype pots as it was 
thought desirable to have accurate data on small pots inasmuch as 
it is doubtful whether the new gas immersion unit for this work 
will sell at a price that will make it attractive for these small jobs 
in which the casting demand is light. 


The four reports and two data sheets submitted herewith are 
divided as follows: 
3 Reports and 1 data sheet on stereotype and linotype pots. 
1 Report on various soft metal and other operations in a can 
manufacturing plant, using the Selas system. 


1 Data sheet on lead melting for casting battery plates using a 
James H. Knapp Company furnace equipped with McKee 
proportional mixer. 


The stereotype reports show that with a pot of 8700 pound 
capacity and 5000 pound casting period, 7.1 pounds of metal were 
cast with 1 cubic foot of 1120 B.t.u. natural gas. Over a weekly 
period, including holding losses, 1.05 pounds of metal were cast 
per cubic foot. A total of 30,558 pounds of metal cast per week. 
With a three-ton Hoe pot and a cast of 3850 pounds, 6.9 pounds 
per cubic foot of 1120 B.t.u. gas was obtained with 1.6 Ibs. per 
cubic foot for a 24-hour period. This pot was fired with an 
atmospheric burner. 

With a 5000 pound pot and a cast of 30,070 pounds per week 
2.32 pounds per cubic foot of 1120 B.t.u. gas was obtained for the 
weekly period. 

The linotype pot shows 4235 pounds of metal cast in 24 hours 
and 1.76 pounds cast per cubic foot of 1120 B.t.u. gas. The weekly 
gas consumption being 14,900 cubic feet. This was for a No. 3 
Goss pot of 4500 pound capacity and is used to cast the ingots 
used in the linotype machines. 

The linotype machine using the cast ingots shows a gas con- 
sumption over a 30 day period of 5,600 cubic feet of 1112 B.t.u. 
natural gas and 1.5 cubic feet per pound of metal melted. 

The use of gas in a can factory is given in detail in the report 
and a careful study of the figures given is recommended to those 
interested. ‘The Selas system was in use at this plant. 

Casting of battery plates using a 1200 pound lead pot brings 
out the fact that increased production reduces the gas required per 
pound. For example, with one operator casting 217 pounds per 
hour requires 35 cubic feet of 1100 B.t.u. gas per pound of lead, 
whereas with three operators casting 550 pounds of lead only 18 
cubic feet of gas is used. Pot was fired with single valve control 
proportioning system. 


Food Products 


Foods for increasing your slenderness ratio are very popular 
these days and Melba Toast prepared by gas at the rate of nearly 
one-half million per day is well worthy of comment. 

The load value now approaches 700,000 cubic feet per month in 
the one plant mentioned in the report. 

A Peterson oven of the recirculation type shows under a test, to 
produce a pound of bread and biscuits, for .54 cubic foot of 1100 
B.t.u. gas. 

An interesting comparison is given of the cost with electricity 
where gas of 1100 B.t.u.’s at 60c per M.c.f. costs $241.00 against 
electricity at lc per K.W.H. of $1300.00. 

Other facts on the heat required for baking, the efficiencies of 
gas compared to electricity, shrinkage not a function of the fuel 
used, and the higher cost of electric ovens are dwelt upon in the 
report. 

Direct gas fired steam jacketed kettles are given in detail with 
their many advantages pointed out, such as, speed and low 
operating costs, although no actual figures are given. 

The drying of Chilies is a novel application of gas service 
and in the case cited replaced oil. The figures given show 2%4 
cubic feet per pound of water evaporated with 1100 B.t.u. gas 
equivalent to 5 cubic feet of manufactured gas of 550 B.t.u.’s or 
approximately 40% efficiency. Another novel application is the 
drying of walnuts requiring 5000 cubic feet of gas per ton of 
walnuts. Natural gas was used and two hundred consumers on 
the lines of the gas company shown to be a desirable load. 

Large volume water heating was reported on in a general way 
pointing out the use of water heaters as standby where large 
heating plants are shut down and on all-year schedule for many 
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important processes such as canning industries in the washing of 
vegetables, cleanliness in ice cream and milk plants, candy plants, 
meat packing and other food products. 

The last paper under Food Products touches on the neighborhood 
bakeries. It is one of general statement only, no specific data and 
facts are given which would have made it more valuable. Pointed 
out, however, is the keen competition with oil. Oil doing the job 
at $14-$18 monthly against $40-$50 with manufactured gas. Deisel 
oil at 7c per gallon and gas at approximately 80c M.c.f. were the 
fuels cited in this report. 


Chemical Industries 


The peculiar problems often met in selling gas to chemical 
manufacturers are here treated. Manufacture of litharge and the 
use of gas for drying processes come in for particular discussion. 


Varied Industries 


The Committee offers an outstanding application in a field which 
has been largely closed to the use of manufactured gas—that of 
Laundries. The Gasway Corporation of Chicago has entered the 
field with all gas fired equipment for laundry work. The plan 
is to replace the commercial laundry to which the hotel or other 
institution sends its laundry with the gas fired laundry equipment 
which will do the laundry on the premises at a decided saving 
in money to the hotel besides many other advantages. The job 
reported on is for a hotel of 530 rooms, a grill and two coffee 
shops. Heavy transient trade make necessary the laundering of 
210,000 pieces per month. The Gasway Corporation supplies the 
equipment, trains the crew and takes its pay out of the savings 
made. The equipment consists of two washers, two extractors, a 
tumbler, two mangles, a cabinet dryer, two presses, two 1 h.p. 
press boilers and several smaller items. The hot water for the 
work is supplied from the usual hot water tank already in- 
stalled in the hotel. 

The hotel formerly paid a total of $20,537 annually plus $11,400 
for guests’ laundry, or a total of $31,937 against a cost of $19,362 
with the Gasway’s equipment, a direct saving of $12,574 annually, 
besides intangible advantages, such as longer life of materials. 
The Gas Company benefits by an added load of 250 to 275 M.c.f. 
monthly. 


Natural Gas Conversions 


This is a subject of special interest to those companies in the 
natural gas belt yet with the proposed extensions of natural gas 
lines all over the country, it should be of more than passing interest 
for almost any time we may find natural gas right at our back door 
in sufhcient volume to make it interesting. 

Direct comparisons of five companies and their potential load 


with comparative prices of gas and oil show where gas makes. 


savings over other fuels even though oil in that location is cheap. 
Demonstrated also is the fact that no matter how cheap the fuel 
is you still have to sell it. 


Boilers 


Two papers are presented which deal with small boiler applica- 
tions. The first points out the many diversified applications for 
small boilers, steam jacketed kettles in candy manufacture, making 
jams and jellies, sterilizing, clothes presses, steaming bread. Ample 
flow and return lines are stressed, in other words, good installa- 
tion work must be used here as well as in all other gas appli- 
cations. 

Automatic control, no need for an engineer to operate a gas fired 
boiler; installation can be made anywhere there is a flue and 
economy of location near to the work is another reason gas boilers 
should be used. 


Insulation 


The value of insulation even on a small job is well illustrated 
by the example given in insulating a 300 pound metal pot. This 
not only illustrates the saving made in fuel but demonstrates the 
more uniform conditions of temperature exceedingly important 
especially when dealing with alloys. 

Derivations of formula used and a useful table of thermal con- 
ductivity of various materials completes the report. 

The Chairman desires to thank all active Con.mittee members 
for the valuable contributions they have made to aid in the 
advance of our rapidly growing industry. 


RESTAURANT AND INSTITUTIONAL SALES*t 


HE volume cooking is a very important part of the load 

for this class of commercial establishments, but it does not 

always represent the major portion of the business. Water 

heating and house heating must be given an equal amount of sales 
effort. 

The Southern Counties Gas Company in the past year has put 

into effect a rate which has enabled us to secure a considerable 


amount of additional load by applying it to the total fuel require- 
ments of such institutions. This is known as our 3-A-D Rate, which 
is an optional rate for general service, applicable to domestic and 
commercial service for lighting, heating, and cooking—including 
restaurants, apartment houses, hotels, hospitals, sanataria, busi- 
ness buildings of all kinds, schools and churches. 

Rate: Demand Charge—$48.00 per 
year per one hundred feet of maximum ll Y 
hourly demand. Y 

Commodity Charge—Base Rate—$.05 7 
per hundred cubic feet. 

Minimum Rate—$.04 per hundred cubic 
feet. 

Maximum Rate—$.055 per hundred 
cubic feet. 

Minimum Demand Charge—$240.00 
per year, payable monthly. 

Subject to a change of one-sixth of one 
cent per thousand cubic feet for each 
change of one cent in the price of fuel 


SS 


: 
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oil above or below $1.60 per barrel, as Ue , a 
quoted by the Standard Oil Company, a pj MIT WW) 
California corporation. 

Special Conditions: The maximum D. L. Leahy 


hourly demand will be the rated hourly 
capacity of the consumer’s appliances, 
unless consumer specifies a greater or lesser demand. The company 
may mechanically limit the supply of gas, in accordance with 
demand applicable. The consumer, under this schedule, is not 
subject to shut-off and has priority in the use of gas over con- 
sumers served on other commercial schedules at times when there 
is insufficient gas to supply all consumers. 


Chairman 


As an example of how this rate has proven to be effective, we 
will set down some figures on a certain hotel of 55 rooms, in the 
city of Santa Barbara: 

Equipment After Replacement 
3—Sections of Vulcan Heavy 

Duty Hotel Ranges. 
1—Salamander Broiler. 
2—No. 4+ Welsbach Automatic 

Storage Water Heaters. 
i—Peerless Cast-Iron Sectionai 

Straight Gas-Fired Boiler. 

Average Monthly Cost—with oil ............ $118.00 

Average Monthly Cost—1100 B.t.u. Gas .... . 98.70 

The highest winter billing for any single month being $135.86. 
Oil and electricity replacement in a cafeteria: 

Equipment After Replacement 
4—Sections of Vulcan Hotel 


Equipment Before Conversion 

1—Ideal Oiul- Fired Cast - Iron 
Sectional Boiler with Ray 
Automatic Burner. 

1i—Three Oven Madsen Oil- 
Fired Heavy Duty French 
Range. 


Equipment Before Conversion 
i—Three Oven Oil- Fired 
French Range, Brick-Set. Equipment. 
1i—Two Deck Electric Bake 2—No. 4 Welsbach Hotzone 
Oven. Storage Heaters. 
1—Oil-Fired Water Heater. 1—Economy Deep Fat Fryer. 
i—Vulcan Confectioners’ Fur- 
nace. 
1—No. 3762 Vulcan Bake Oven. 
Average Monthly Cost—Oil and Bake Oven $152.00 
Average Monthly Cost—1150 B.t.u. Gas............ : 123.00 
The above does not include the smaller appliances throughout 
the house. The owner made a comparison of fuel costs on January 
1, 1930, and told the writer he was saving on fuel at the rate of 
$500.00 per year. Our revenue increased approximately $1200.00 
per year. 
An all electric restaurant replacement 
Equipment After Replacement 
Vulcan Hotel 


Equipment Before Conversion 

2—Sections Heavy Duty Elec- 2—Sections 
tric Ranges. Ranges. 

I1—Three Deck Heavy Duty 1—ITwo Deck Roberts’ Bake 
Electric Bake Oven. Oven. 

8—Wall-Insert Electric Space 8—Clow Gas-Steam Radiators. 


Heaters. 1—Automatic Storage Water 
i—Automatic Storage Gas Heater. 

Water Heater. 

Average Monthly Cost—Electricity $226.21 

Average Monthly Cost—1150 B.t.u. Gas ...... 42.98 

*Sub-Committee: D. L. Leahy, Chairman, Southern Counties Gas Company 
D. J. Bartelme, Pacific Gas & Electric Company; Wm. Duggan, Northwest Gas 
& Electric Equipment Company; George Heckler, Southern California Gas Com 


pany; A. A. Knoernschild, Seattle Gas Company; Wm. B. Marks, Pacific Gas & 
Electric Company. 

* See also Western Gas, March, 1930, p. 28, for report of D. J. Bartelme 
Conversions in San Francisco. 
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It has been the experience of the Southern Counties Gas Com- 
pany that its Industrial Department has been able to hold and 
increase the load in this field by frequent calls on consumers, and 
by a close co-operation with the entire Domestic Sales person- 
nel. The various ofhcials are appreciative of the value of this 
load and enthusiastically indorse any movement for its better- 
ment; funds being available for experiments with the newer 
appliances and for research. 

Steady progress is being made and in only one appliance do we 
feel the competition of other fuels-—that being the small deck oven. 
The electric bake ovens are replacing the gas ovens at about 
the same rate as gas ovens are displacing electric ovens. This 
condition is brought about by the inactivity of gas oven manufac- 
turers in research work with the view of developing refinements 
and innovations that will fit into the scheme and programs of 
the modern pastry chefs. 

Sales have been stimulated by the establishment of a perma- 
nent exhibit in Los Angeles that displays several different makes 
of approved appliances for the hotel, restaurant, and institutional 
service. 

The three gas companies operating in this territory have mem- 
berships in the Southern California Restaurant Association and we 
find the contact valuable. 


SACRAMENTO* 


HE number of consumers now using gas in Sacramento for 

volume cooking is 600, with an estimated consumption of 

165,000,000 cu. ft. and $135,000.00 revenue. The rates that 
apply to hotel and restaurant work in Sacramento are the regular 
sliding domestic rates as follows: 
For consumption of 500 cubic feet or less per meter per month..$1.00 
For consumption of 600 cubic feet and over per 

meter per month: 


First oe8. en. &..........;.. ‘encumeee 

Next 4,400 cu. ft........ LM). - s&s Fe 
Next §,000 cu. ft........ seh 1.21 per 1000 cu. ft. 
Next 10,000 cu. ft........... ‘ ...... .91 per 1000 cu. ft. 
Next 60,000 cu. ft............ BS nib .81 per 1000 cu. ft. 
Next gE Ri Se .74 per 1000 cu. ft. 
Next 350,000 cu. ft.. .69 per 1000 cu. ft. 


All over 500,000 cu. #t...... .64 per 1000 cu. ft. 


A few of the replacement jobs that stand out in Sacramento are 
the Senator Hotel and the Sutter Hospital. In the main kitchen 
ot the Senator Hotel there is a six-section heavy duty gas range 
and two sections of open tops and two charcoal broilers. The 
Coffee Shop has a two section range and a gas fired boiler, a six 
burner hot plate and four gas fired waffle iruns. In the pastry 
shop there is a large four deck bake oven and two bakers’ 
stoves. 

From the very day the gas equipment was installed the hotel 
derived a two-fold advantage of economy and efficiency. Under 
the former system the monthly fuel bill ran from $400 to $415 
per month, with gas it averages $375 per month. Moreover, it 
was necessary formerly to replace range tops every three months 
at a cost of about $150 for each replacement. 

The Sutter Hospital replaced two 9 foot oil ranges with 
three sections of heavy duty equipment. On account of the unre- 
liability of oil burners, one oil range was always kept in readiness 
in case of failure to the other. It is needless to state that the hos- 
pital is saving money and is entirely satisfied with gas. The 
manager of the Hospital states that the difference in opera- 
tion is $40.00 per month in favor if gas. 

The above two installations are of the few cases where manu- 
factured gas has shown a saving in actual operations cost. To 
the contrary our experience has been in the majority of cases, 
that manufactured gas as sold here in Sacramento, will cost more 
than competitive fuels, the job being a sales job, that of selling 
the total cost of using a fuel as against that of the actual 
cost of the fuel. 

In summing up the hotel and restaurant work in Sacramento 
we have noticed a very strong tendency in the last seven years 
for an increase in volume cooking that is not in proportion to 
the general increase of population. The following figures speak 
for themselves: 


Increase in Sacramento Population 


Population Year 
100,000 ..... ) ‘ Ege 0M 9 Pre tyne meme 1930 
79,000 . 7 tistical ae 
21,000 7 years 
21,000 
—— X 100 = 26% increase 
79,000 


~- ——— 


*Submitted by Wm. B. Marks. 
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Increase in Sacramento Cooking Installation 


Installations Year 
S| oe a ai eae sme ats os i ieveasaee 
Des et Aso 2) Ps See day | -.;, Sas 
450 7 years 
450 


—— X 100 = 300% increase 
150 
This analysis shows how important this phase of the business 
is to a gas company under the trend of living conditions that has 
developed in the last few years. 


SERVICE AND SALES* 


HE Hotel and Restaurant Division of the Southern California 

Gas Company was organized in May, 1928. Sales and 

service meetings were held in all Divisions. A _ definite 
service plan was installed functioning under our Industrial Serv- 
ice Bureau. A service call is made at least once a month on all 
commercial customers, and once a week on some of the larger 
institutions. 

The service man fills out a survey card listing all gas appli- 
ances and appliances on other fuels. Noting condition of appli- 
ances, size of houseline and service, type and size of meter, maxi- 
mum hourly consumption, pressure at appliance open and lock up, 
and noting conditions in general. 

Trained service men on hotel and restaurant equipment are used 
for this work. 

A duplicate service or survey card is used. One card used for 
service file so that service, houseline and meter sizes or any im- 
proper conditions may be noted and corrected by the service 
department. The other card is kept in the New Business Ofhce, 
which gives the sales engineer a direct check for a_ follow-up 
to attempt to replace all appliances marked poor, and appliances 
on other fuels to modern gas burning equipment. 

The service man also makes out a service call slip on every 
call, noting condition of appliances, change of ownership, out of 
business, etc. This gives us a very close check and enables us io 
keep our file up to date for direct mail work and sales information. 

The Hotel and Restaurant Division is working on the theory 
that the hotel and restaurant load is a very desirable one and 
considerable effort should be made to hold something that is 
good. Our friends of the other fuels are putting forth no mean 
effort to get some of that selfsame desirable load. 

In the Central Division we have at least 85 per cent of the 
cooking load and are attempting to increase this by promoting 
the sale of load building appliances, such as automatic gas 
toasters to rep'ace the electric toasters, and Surface Combustion 
broilers to replace the charcoal broiler. These new appliances 
cut the cost of operation enough to pay for themselves in a short 
time, besides turning out a much better product, and much time 
saved in operation. 


*Submitted by George Heck‘er. 


FOOD PRODUCTS?t 


N THE gas distribution mains of 

California are thousands of diver- 

sified industries, the products of 
which in no way resemble each other; 
yet in the making of each, the part played 
by natural gas is significant. 

Hollywood Dry Ginger Ale, a name 
familiar to hundreds of thousands and a 
drink that graces the tables of the south- 
land’s most elaborate and_ best-known 
clubs and cafes, suggests nothing in name 
or nature in which natural gas might 
have played a part. This is equally true 
of Pomo Dry, the grapefruit drink, and 
Orange Dry, both widely used products 
of the Hollywood Dry Corporation. In 
the processes through which these drinks 
pass from the time that they are little 
more than formulas until ready for pack- 
ing and shipping, natural gas plays a 
whole-hearted role. 

Two 100 H.P. boilers in the factory of the Hollywood Dry 
Corporation furnish the steam with which_are operated machines 
that clean, fill, and label the bottles. Of equal importance is the 
work of natural gas in the pasteurizing process used by the con- 
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Geo. H. Heckler 


Chairman 


TSub-Committee: George Heckler, Chairman, Southern California Gas Company; 
C. A. Carlson, Pacific Gas & Electric Company; E. B. Morey, Southern Counties 
Gas Company; John Redd, Los Angeles Gaz: & Electric Corporation. 
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cern. In conformity with the State Pasteurizing laws, this step 
further insures the purity and quality of these products. 

Because the boilers, operating on low pressure gas, have proved 
and are continuing to prove highly efhcient, ang tar more eco- 
nomical than would be possible with any other fuel, natural gas 
is used exclusively in the plant. 

This plant, with capacity of 2,000 cases a day, is manned by a 
personnel of 59 men, and devours, each day, many tons of South- 
ern California fruits and foodstuffs. Pomo Dry, latest drink intro- 
duced by the corporation, alone requires 48,000 grapefruit to 
satisfy the greedy filling machines. One grapefruit to a boitle is 
used. 


From a sparkling drink to a piece of toast is a far cry, even 
when both drink and toast are linked in some degree with the 
name of Hollywood. Nor is it the ordinary breakfast variety of 
toast with which the name of Los Angeles’ motion picture colony 
is associated. It is Melba Toast, the foundation of the popular and 
widely followed Hollywood Eighteen Day Diet. 


The claims of its sponsors that it eliminates all dangers of 
starvation in diets, will not build flabby flesh, and will actually 
normalize weight of both over and underweight people, seems in a 
large part to be substantiated by its remarkable adoption as a 
staple food. In this advancement the gas company also shares, 
for the rapidly increased business meant a corresponding increased 
consumption of natural gas, the fuel used exclusively in baking 
Melba Toast and Vegetized Wafers. The preparation of these 
foods is, in itself, a very definite art, the result of careful study 
and development. With the increasing market, enlargement of 
facilities to meet demands led to the construction of a p‘ant 
equipped solely for the production of Melba Toast. This unit. 
providing 15,000 square feet of floor space, was erected at 6814 
S. McKinley Avenue, Los Angeles. Two modern traveling gas-fired 
ovens, 82 feet long and 76 inches wide, with a combined capacity 
of 288,000 pieces a day, were at once installed and are now 
operating at high speed. A third oven, with dimensions of 91 feet 
in length and 8 feet in width, is at present nearing completion, 
and when natural gas is turned into its burners the plant capacity 
will be increased to 400,000 pieces a day. All three ovens were 
designed and constructed by the J. H. Knapp Company of Los 
Angeles. Gas consumption, amounting to 109,000 cubic feet in 
January of last year, was increased to 640,000 in the month of 
August, with an estimate placing the total at well over 1,000,000 
cubic feet when the new oven starts baking Melba Toast. 


Whether utilized in a pasteurizing process, burned in a gigantic 
traveling oven or in the motors of a huge dirigible, natural gas 
performs with equal dependability. Few fields of industry exist in 
Southern California that do not have some duty, some task which 
natural gas can handle better and more economically than other 
fuels. 


Volume Bread Baking 


Quality of the product is the first consideration of the Log 
Cabin Bakery, according to its management, and to this end, the 
best ingredients must be baked by the most modern equipment. 
A large natural gas-fired Baker Perkins Traveling Gas Oven, 
and a battery of nine Dutch Ovens, also fired by natural gas, bake 
the product of the Log Cabin Company. 

The new type Baker Perkins Traveling Gas Oven, installed in 
August, 1929, was the first of its class in Southern California. 
The outside of the oven is finished in white enamel, with nickel 
trim, and the well insulated walls result in a minimum loss of 
heat. The hand can be safely placed on the side of the oven while 
in full operation. An automatic spark unit controls the lighting 
of the gas, and eight different controls regu‘ate the temperature. 
The bread, traveling on slow-moving belts, completes the circuit 
of the oven in twenty-eight to thirty minutes, and is received at 
the opposite end of the oven, each loaf uniformly baked. But two 
men are needed for the operation of the oven, one man to feed 
and the other man to receive the finished product. Many new im- 
provements are in evidence on this new gas-fired equipment, among 
them a double set of blowers situated on the top of the oven. Only 
one blower is in operation at a time, the other being held for 
emergency purposes. In the case of the failure of the spark system 
to light the gas, lighting by use of a gas pilot or manually through 
the small ports on the side of the equipment is possible. 


Production has been increased 100 per cent, for with two men 
on the oven it is capable of producing 2,500 one-pound loaves per 
hour. The total capacity of the bakery is 4,000 loaves per hour. 
Total costs per thousand pounds of bread have decreased 35 per 
cent, and a check on the sub meter set shows a gas cost below 
average of approximately 25 cents per 1,000 pounds of bread. 
Labor cost has been reduced 50 per cent. 


Nine gas-fired Dutch Ovens complete the baking equipment of 
the company. 
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LANGENDORF BAKING COMPANY—LOS ANGELES PLANT 


Operation performed mal Bread baking 
Gas equipment used Peterson Traveling Oven. Three burners 
fire into combustion chamber separated from oven. Products 
of combustion recirculated by fan. Capacity of oven 1,800 Ibs. 


per hour. 
Method of venting appliance Stack, forced blowers 
Working temperature 450° F. 


Operating gas pressure 3 Ibs. per square inch 


Temperature control Brown 

Time to reach desired temperature........1% hrs. after 12 hrs. shut- 
down (300°-450°). 

Cu. ft. of gas per pound of product 54 


Cu. ft. of gas per hour §85 aver. 10% hrs.; max. 850 
Time to complete operation 18 to 45 minutes 
B.t.u. value of gas... 7 1100 


Operating data taken 6/19/28 


Gas. { On 10:20 A.M. | oe or 
| Off 8:50 P.M. | 

Lbs. bread and biscuit baked 11,369 

Cu. ft. gas used (Peterson Oven), 6,155 at 40c per thousand... $2.46 

Cu. ft. gas per hrs. (average), 585 at 40c per thousand $ .234 

Fuel cost per Ib. product, $.000216 1/46c. per Ib. 


Sample of oven atmosphere taken at rear light opening showed 
2.5 per cent carbon dioxide. 


Estimated fuel requirements for submitted quantities of finished 
product 


Bread—468,000 lbs. Finished Product Actual 

Operating figures shown 525 to 656 B.t.u. required per pound 
finished product when using reel oven. 

656 X 468,000—307,008,000 B.t.u. 

307,008,000—1,100 (B.t.u. per cu. ft.) —279,098 cu. ft. 

279 M. X 60c. per M. $167.40 


Equivalent Kw-hr.—89,847. 
Coffee cake and rolls—306,000 lbs. finished product. 


525 to 656 B.t.u. required per lb. finished product. 

656 X 306,000—200,736,000 B.t.u. 

200,736,000—1,100—182,487 cu. ft. 

183 M.X 60 109.80 
Equivalent Kw-hr.—58,746. 


Hearth bread—114,000 lbs. finished product. 


622 B.t.u. per Ib. finished product. 

622 * 114,000—70,908,000 B.t.u. 

70,908,000—1,100—64,462 cu. ft. 

65M X 60c. 39.00 
Equivalent Kw-hr.—20,751. 


Cake—142,000 lbs. finished product. 


670 B.t.u. required per Ib. finished product. 

670 X 142,000—95,140,000 B.t.u. 

95,140,000—1,100—86,490 cu. ft. 

87M X 60c. per M. 52.20 


— 


Equivalent Kw-hr.—27,843. 


Total fuel cost $368.40 


Total 187,187 Kw.-hr. 
98,593 Kw.-hr.—actual assuming electricity 100°. ethcient. 


98.593 Kw-hr. at 1.051876c. $1,037.0 

Less maximum load factor disc. ot 16% 165.93 

Min. elec. cost $ 8871.14 

Max. gas cost 368.40 

$ 502.74 

443,560,000 B.t.u. available in 130,000 Kw-hrs. at Ic 
per Kw-hr. $1,300.00 

443,560,000 B.t.u. available in 403,236 cu. ft. at 60c 
per M cu. ft. $ 241.00 


2,500,000 cu. ft. of gas totaling two and three-quarters billion 
B.t.u. can be purchased on G-3 schedule for $1,228.00. Allowing 
an efhciency of only 50 per cent, this makes available 1,375,000 
B.t.u. which can be purchased for $72.00 less than the available 
B.t.u. of 130,000 Kk-hrs. Reducing the available heat units from 
gas to Kw-hrs., we would have in gas more than 400,000 Kw-hrs. 
as compared to 130,000 Kw-hrs. electric. These figures are based 
on 50 per cent efhciency for gas and 100 per cent efficiency for 
electricity. 

We have available in 1,000 cubic feet of natural gas 1,100,000 
B.t.u. and to obtain the equivalent from electricity it will be nec- 
essary to use 322 Kw-hrs. The cost of the gas at 60c per 1,000 
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cubic feet and electricity at lc per Kw-hr. would give us a ratio 
of 5 to 1 in favor of the natural gas. 

When gas is used as a fuel it is found that 0.7 to 1.2 cubic feet 
of manufactured gas are used per pound of bread baked. Taking 
0.95 cubic feet as a mean figure between these, it will be seen that 
512 B.t.u. would have to be purchased in order to bake a pound 
of bread that only required 232 B.t.u. to do the work of baking. 
(Figures from Peter Perrie, engineering editor of the Bakers 
Weekly.) 

Were electricity to be used for baking bread, a figure between 
0.12 to 0.085 Kw-hrs. per pound of bread baked would be re- 
quired. Taking a mean of these two figures, it will be seen that 
about 340 B.t.u. (equivalent of 0.10 Kw-hrs.) would be required 
to bake a pound of bread electrically. 


A recent survey by the American Gas Association covering nine 
cities using natural gas for fuel shows the average cost of gas for 
baking 1,000 pounds of bread in typical bakeries producing 50,000 
one-pound loaves of bread per week to be 3lc per 1,000 pounds of 
bread baked. Los Angeles was included in this survey and the 
figures obtained for this city were 37c per 1,000 pounds of bread 
baked. 

With electricity, tests have shown the cost per 1,000 pounds of 
bread to be $2.00 with the rate of 2c per Kw-hr. or $1.00 per 
1,000 pounds if electricity is available at 1c per Kw-hr. 

The American Gas Association, working with the American 
Institute of Baking in a recent research program, proved con- 
clusively that shrinkage is not a function of fuel but is the result 
of the method of baking, the temperature and the time of baking. 


This being the case, it does not seem advisable to use elec- 
tricity in preference to natural gas in large baking operations 
even where electricity is obtainable at 1c per Kw-hr., as the fuel 
cost would be more than 2% times the cost of 37c per 1,000 pounds 
as shown in the report of the American Gas Association to be the 
cost of baking with natural gas at Los Angeles. 


The investment necessary to install electric ovens is several times 
greater than that required for the installation of modern gas-fired 
ovens, and past experience has proven that the life of the gas oven 
is much longer than the life of the electric oven. The upkeep cost 
of a gas oven is considerably less than the upkeep cost of an elec- 
tric oven. 


Drying Chilies 

Growing and drying chilies in Orange County has been devel- 
oped into quite an industry, to which result we credit gas fuel as 
having been quite a factor. 

Up to the year 1901, air drying was the only method used or 
known. 

Air drying was slow, uncertain, due to variable weather condi- 
tions, and involved an enormous amount of labor; all of which 
combined to make the business unprofitable over a period of time, 
and hazardous of an actual loss of a season’s output. 

At this time, some of the growers began experimenting with oil 
fuel, building slatted shacks with shingle roofs, hanging the chilies 
on racks, and firing in pits with sheet iron plates over flames. 

This proved better than air drying, as it made the growers 
independent of weather conditions, and hastened the process, but 
they found that oil burning created a fire hazard and, also, that 
the burners required very close attention. 

In spite of these handicaps, they continued the use of oil until 
1914, during which time a number of drying houses were destroyed 
by fire. 

At this time natural gas lines were extended to Garden Grove, 
and one of the pioneer growers, who happened to be on the origi- 
nal extension, was solicited by the gas company, and induced to try 
gas instead of oil, and reports that he was very much surprised 
to find that his fuel bill was cut almost in half, that he was able 


Chilt drying: Exterior of drying house 
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Showing gas burner set-up for chili-drying 


to practically eliminate the fire hazard, and that the gas burners 
required little or no attention. 

Since then, gas mains have been extended to fully cover this 
section, and 100 per cent of the chili growers (64, to be exact) are 
now using gas. 

The drying houses are now built of lumber, about 30 X 40 
feet, practically air tight; with large double doors at each end for 
light, and for loading and unloading; slatted wooden floors; and 
cellar the full size of building, five feet below the floor; twelve 
10 X 12-inch wooden vent stacks, extending about 8 feet above 
roof; eight 12-inch cement pipes from outside into cellar, to pro- 
vide controllable circulation. 

Gas burners consist of six 1%-inch pipes, sawed crossways 
every 1% inches, extending clear across basement, and supported 
about 6 inches above dirt floor, with mixers and gas supply at each 
end to provide a uniform flame for the full length of the pipe. 


Burners are then adjusted to give a flame about ™% inch high, 
which allows a distance of fully 4 feet between flame and wood- 
work, 

Chilies are loaded in slatted trays, 2 X 7 feet, which are stacked 
to a height of 7 feet, and in a manner to allow space between for 
circulation. 

The capacity of one building is about 20 tons (wet) or 4 tons 
when dried. Building is brought up to 120 degrees Fahrenheit and 
held at an even temperature for seven days, which we find requires 
about 500 cubic feet of gas per hour, or about 20,000 cubic feet of 
gas per ton of dry chilies. 

The period of time could be reduced materially, but not with- 
out sacrificing correct color and shape, both of which are vital in 
getting top market prices. 

Anticipating that the above data might present the thought of 
ineficient operation, the writer presents the following figures: 

20,000 ft. 1,100 B.t.u. gas to dry 5 tons (wet) to 1 ton (dry) over 
a period of seven days. This long period of time taken to pre- 
serve color and shape. 

20,000 ft. of gas required to remove 4 tons (8,000 Ibs.) of 
water—2'% ft. of gas or 2,750 B.t.u. to evaporate 1 pound of 
water. 

Kent gives 970.4 B.t.u. to evaporate 1 pound of water at, and 
to, 212° Fahrenheit; then, 1112.4 B.t.u. would be required to evap- 
orate 1 pound of water from 70°. 


1112.4 
= 40.45% efficiency 


2750 


which, considering period of time taken for operation, is very good 
efhciency. 


Walnut Drying 


It is well known that the English walnut industry is one of the 
greatest sources of income to southern California. 

Until a few years ago, the walnut crop was all air dried. 

The nuts were placed in shallow trays, about 2% feet by 8 feet, 
which were laid on the ground under the trees and left there for 
several days, dependent on weather conditions, until the nut was 
thoroughly dried out, as to moisture. This method was very slow 
and hazardous, as the walnut gathering season is also the begin- 
ning of the rainy season in California, and, if caught in a rain, 
the nuts are discolored, and even moulded, which affects their 
market value disastrously. 

The present highly perfected and efficient walnut dehydrators 
are the outcome of these circumstances and represent considerable 
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experimental work on the part of some of the growers and gas 
company employees. 

Two distinct successful types have been developed, both of 
which use gas for fuel; one is a horizontal cylindrical rotary kiln, 
continuous in operation, and the other, which is in more general 
use, 1s of the stationary bin type, and has a capacity of from 1 to 4 
tons per day, the walnuts being fed into dryers, either manually 
or with buckets on endless power-driven chains. 

The heat is generated in a warm air furnace where air is heated 
to a temperature of 98 degrees Fahrenheit, and blown through 
walnuts with a small power-operated blower. 

Either of these dehydrators speed up the drying season enor- 
mously; eliminate the rain hazard and night dew, and make it 
possible to market a much better quality, commanding a higher 
price. Incidentally, the shrinkage in weight is reduced, which in 
itself is quite an item. 

The period of time in dryer has been found to be from 15 to 20 
hours and requires about 5,000 cubic feet of gas per ton of 
walnuts. 

We have, at the present time, approximately 200 walnut dehy- 
drators on our lines, and the load, while of short duration, from 
four to six weeks, comes on at a time of year when we have a sur- 
plus of gas; and, most of them being served on our domestic rate, 
we consider them very desirable consumers. 


Volume Water Heating and Its Many Uses 


The uses of hot water in volume to be used at the temperature 
at which it leaves the heater and used in connection with the 
manufacture of food products are many and varied. 

Independent gas-fired water heaters can be used in connection 
with a steam plant as an auxiliary or as an entirely independent 
unit. If used in connection with a boiler fitted with steam coils, 
the controlling mechanism of the auxiliary heater can be so ar- 
ranged as to never bring this particular heater into operation, 
excepting at such times when the temperature in tank would drop 
below that at which the controlling mechanism is set. 

It has been proved by experience that it is more economical to 
raise the temperature of water up to the temperature at which it 
is to be used, rather than to raise the temperature of the water up 
to 212 degrees or above, and radiate the heat from this steam into 
water that is to be used at a lesser temperature than 212 degrees. 

To illustrate a few of the many uses of hot water in volume in 
connection with the manufacture of food products are: washing 
fruits, vegetables, etc., in preparation for canning; the manufac- 
ture of tamales and chili; washing apples in preparation for the 
manufacture of vinegar; the producing of bean sprouts; the prep- 
aration of cucumbers during the process of manufacturing pickles; 


water jacketing containers in the preparation of lard, peanut oil 


and like products. Volume water heating is also used to a great 
extent in the promotion of cleanliness in bottling works, ice cream 
factories, canning plants, manufacturing candies, meat packing 
and many, many others. 

This class of business possibly has not received the attention it 
should have, in the past. Added service can be rendered the cus- 
tomer and added revenue to the gas company by the installation 
of auxiliary water heaters. 

The University of California at Los Angeles has a wonderful 
modern gas-fired battery of boilers, but uses several multicoil 
water heaters which are used as boosters, or for a possible boiler 
shutdown. 

The Hoffman Candy Company of Los Angeles is another user 
of a multicoil job to supplement their central plant when water 
temperatures drop below working temperatures, or if their single 
boiler happens to be out of order, or under repair. 


NEIGHBORHOOD BAKERIES* 


T will be interesting to know the information obtained from a 
complete survey of all neighborhood bakeries in San Francisco, 
Calif. There are approximately 225 small bakeries in San 

Francisco and of the total number there are 125 ovens fired with 
oil, which are of the brick Dutch type. The remaining 100 bakeries 
are using different types of small shelf or revolving ovens, with 
either gas or electricity as the heating medium. 

It is obvious that the brick oven is the most commonly used, and 
is, in the opinion of many bakers, the only practical and econom- 
ical oven on the market today. From a baker’s point of view, 
knowing that he can turn out a well baked product from this type 
of oven, the brick oven is the logical oven to use. But this decision 
is to be considered only from a fuel cost point of view because there 
are other types of ovens that are equally as efhcient and adapted 
for any class of bakery business. Based on a comparative fuel 
cost, oil may cost less than gas where 550 B.t.u. gas is served. 

The average bake shop uses from 200 to 260 gallons of oil per 
month to fire a 10x12-ft. brick oven, mostly Diesel oil at 7c per 
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gallon or a cost of $14 to $18 per month. The ovens are usually 
fired from 1 hour and 15 minutes to 1 hour and 30 minutes per 
day. A similar size oven fired with 550 B.t.u. gas costs from 
$40 to $50 per month. This cost will be greatly reduced with the 
advent of natural gas in the metropolitan bay area and northern 
California. 

To illustrate the reduction secured through the use of natural 
gas compared to manufactured gas, an oven using 200 gallons of 
oil per month would use natural gas equal to 26,000 cubic feet of 
1170 B.t.u. gas, and which, figured from the Pacific Gas and Elec- 
tric Company’s natural gas rate, would be $20 per month, as 
against approximately $40 for an equivalent amount of manufac- 
tured gas. 


This saving should attract the baker for two reasons. The first 
one is that he knows what he can do with gas; he knows it is 
cleaner and more convenient. Second, the price is right and he 
knows he can afford to use gas because he will be able to turn out 
a better looking product and increase his production. 


Another important factor should be pointed out which is gen- 
erally overlooked in the operating of any type of oven. The oven 
is usually fired up early in the morning for baking the heavier 
material such as bread, etc. Later in the day it is necessary to 
flash the oven for about fifteen minutes in order to bake the lighter 
material. To flash an oven, particularly the brick Dutch type, 
with oil is sometimes a difhcult operation. An oil fire is very con- 
centrated and where the flame impinges on the hearth usually 
leaves a hot spot, with the result that it takes quite some time for 
the heat to equalize in the baking chamber, thus causing a loss 
of time. 

With gas an oven can be fired and flashed for either ten or 
fifteen minutes and the baker can commence to bake immediately 
after firing. ‘This is typical of gas in many applications which is 
a great advantage over liquid fuels and ultimately results in 
time saving. 

Gas burner design for brick ovens has been somewhat of a prob- 
lem. These ovens are fired through the oven door or, in other 
words, are fired directly into the baking chamber. The burner 
most commonly used is of a blast type. A small centrifugal 
blower is used, driven by a small direct connected 1/6 H.P. motor 
of the Buffalo type or a Dumore Blower. ‘These blowers are in- 
expensive, and if a proper size is selected to apply sufhcient air 
for proper combustion, give very little trouble. A mixing tee is 
used and a pipe nozzle or burner that projects into the baking 
chamber. This burner swings on a swivel joint so that the flame 
can be directed to any part of the baking chamber. 


NON-FERROUS METALS* 
SOFT METAL MELTING?+ 


~ OFT metal melting plays a very important role in our indus- 

trial world today. Thousands of tons of soft metals of vari- 

ous kinds are melted down every day and play an important 

part in one or more ways in the industrial scheme of things. In 

our modern day of mechanical robots and specialized machines the 
use of soft metal has come more and more into general use. 

Newspaper plants with their almost human machinery and 
printing presses make heavy demands on the soft metal industry. 
The huge auto plate casting machines, having capacities of 
several tons of type metals, are kept constantly in use and the 
metal is maintained in a molten state throughout the 24 hours a 
day, 365 days per year. For this work gas has proved itself 
the ideal fuel, practically indispensable so, since the public de- 
mands that it get the news of important occurrences within at 
least an hour. Everything in the plant must respond at the 
exact moment called upon, and gas functions unfailingly in keeping 
the stereotype metal at precisely the proper temperature, slack 
periods or rush periods. 

With gas as a fuel it is now possible to keep the metal in the 
pots at constant level at all times while with other fuels, par- 
ticularly coal, the metal level must be brought back to normal 
during a lull in casting. Now a furnace output is limited only 
by the speed of the casters and the ability of the operators to 
handle the plates. 

Some of the advantages resultant from the use of gas for this 
type of work are as follows: 


*Sub-Committee: C. A. Thorp, Chairman, Los Angeles Gas & Elect: ( 
tion; J. r. Aicher, Pacific Gas & Electric Company; F. ( Diet: ch, P J 
& Electric Company; H. H. Foreman, Southern California Gas Company; |! B 
Morey, Southern Counties Gas Company; J. B. Redd, Los Angeles Gas & El 


tric Corporation; T. Watson, Los Angeles Gas & Electric Corporat 
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1. The capacity of the stereotype pots is increased about 15 
per cent. This factor proves to be of much value to a newspaper 
plant. 

2. The complete freedom from dirt incident to the use of other 
fuels. No coal dust to get into the machinery or dripping oil 
around the pot with its attendant hazards. 

3. Even temperature control is possible, giving the proper rate 
according to the demands made on the pot. 

4. Considerable saving in labor made possible. 

5. Cooler working conditions. 

6. Lower maintenance costs. 

7. Longer life of pots. 

Constant availability, fuel instantly ready for use day or 
night, burning without soot or odor. 

Other melting pots of various descriptions are used throughout 
the newspaper plants for the recovery of the trimmings, sweepings, 
etc. 

Likewise soft metal melting is carried on extensively in the man- 
ufacture of batteries of all descriptions, the lead being used in 
making the battery grids, terminals, etc. In the moulding or 
casting of the battery grids, iron or steel molds are accurately 
machined and constructed so that they may be opened to remove 
the work. 

The slenderness and intricacy of the grid parts makes control 
of the temperature of the lead, as well as the die itself, a matter 
of great importance. The low melting point of lead and its low 
latent heat of fusion cause it to chill readily. However, a nicely 
adjusted burner keeps the mold at a temperature slightly below 
the melting point of the lead so that an operator may turn out 
castings very rapidly. The temperature of the lead pot is easily 
controlled usually by means of a one-valve system and is sufh- 
ciently flexible to meet the production schedule demands. 

The automotive and electrical industries also use considerable 
soft metals in the form of babbitt, solder, etc. Gas is logically the 
best fuel for the melting of babbitt and solder. 

Babbitt contains tin and antimony which oxidize very readily, 
thus depreciating t*e babb ‘t, and the ordinary method of covering 
the metal with charcoal in order to prevent this oxidation is a 
nuisance and slows up production to a considerable extent. 

It is essential that the metal be heated slowly and uniformly 
up to a given temperature. To proceed above this temperature, 
which ranges between 800°F. for a babbitt high in tin content 
to 900°F. for a soft babbitt, means considerable loss in the 
eficiency of the metal. In modern gas-fired, bearing metal fur- 
naces from 1.5 to 4.0 lbs. of metal can be manufactured per foot of 
gas burned. This includes total fuel consumption from the time the 
furnace is first lit, until the last bar is poured. The variation in 
the figures occurs because of the wide deviations both in the 
materials used and the temperatures at which the process may be 
carried on. Consider, for example, a case where 2.0 lbs. of metal 
are made per foot of gas burned at a gas cost of 85 cents per 
thousand, or the cost of 1 lb. is in the neighborhood of 1/25 of a 
cent. When the cost of the finished product and the role it 
plays in industry is reflected upon, the fuel expense is almost 
negligible. 

The temperature at which a bar is poured has much to do with 
its grain structure and shrinkage. A bar poured at the correct 
temperature has a smooth, satiny finish with little shrinkage and 
is easier to sell. A bar not poured at the correct temperature has a 
coarse, impure appearance with large shrink holes. It is, conse- 
quently, harder to sell. 

Visualize a pot of metal being poured. The amount of metal 
is continually decreasing. If a constant amount of heat is sup- 
plied, the temperature is always increasing. Or, inversely, to 
keep the temperature constant, the amount of heat supplied 
should always be decreasing. Attempt to increase this heat on 
a coal or oil-fired pot with any semblance of accuracy and you 
will at once appreciate the convenience and simplicity with which 
this can be done with gas. 


oo 


REPORT ON STEREOTYPE POT, HOLLYWOOD NEWSt+ 


Description of Pot and Testing Apparatus: 
The Pot 


The 3-ton Hoe pot with Goss metal pump attached, is made 
of 2% cast iron, and is shown in the illustration below. It is 
semi-spherical in shape, 22 inches high, and has’ an internal 
diameter of 35 inches at the top. It is insulated by 334-inch 
asbestos on the outside, above the furnace, but the top is necessarily 
exposed to the atmosphere. The pot is fired by an atmospheric 
ring type burner which is approximately 14 inches in diameter, 
and has four concentric rings with small nozzles through which 
the gas escapes to the flame. The burner fires into a refractory 
bed under the pot. The refractory is ordinary fire brick 4% 
inches thick. The temperature is controlled manually by regula- 
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tion of the gas flow through three stop cocks, off a 2-inch manifold 
fed from a 1%-inch service. The flue is a cylindrically shaped 
sheet iron pipe, 9 inches in diameter. There is a small 5-inch ring 
burner under the spout, which keeps the metal hot while being 
poured. The gas consumed by this burner was considered as part 
of the gas used in casting. 

The pot was installed in its present position about a year ago, 
but has been in use approximately for eight or 10 years 

Pyrometer: For obtaining the temperature of the molten metal, 
No. 44121, Brown Portable Electric Pyrometer, 0° to 2000°F. 
temperature range, with compensating leads was used. The leads 
were connected to the Type MA, Nickelchromium-Nickle Aluminum 
thermocouple, encased in an iron tube. 


Procedure 


In arranging the meter set-up for this test it was necessary to 
construct a by-pass around two matrix warmers and a linotype pot 
because these were connected onto the service feeding the burner 
under the sterotype pot. 

To cut the pipe and set the meter it was necessary that the gas 
be shut off, thus possibly allowing the pot to cool too suddenly or 
the metal to “freeze”, thereby cracking the pot. To lessen the 
danger of this, as many as possible of the fittings and connections 
for the meter set-up were cut and threaded before the gas to the 
burner was shut off. In this way the meter was placed on the line 
with the chances of cracking the pot reduced to a minimum. 

Special fittings for measuring the meter inlet and outlet tempera- 
tures and the gas pressure were made by H. Egetter of the Ex- 
perimental Shop. ‘These meter inlet and outlet temperatures were 
taken at intervals to determine if there were errors in the operation 
of the meter, due to temperature fluctuations of the flowing gas. 

The gas consumption over both a 24-hour period and the actual 
casting period was obtained. It was found that the consumption 
during the actual casting period varied very much from day to 
day, because of the differences in the time between casting for 
the first and second edition, or between the two sections of the 
same edition. Another irregularity in the time of casting which 
influenced the results was the occasional sending down of 
“chasers” or last minute changes. Thus it seems that the more 
accurate way of finding the amount of metal cast per cubic foot 
of gas would be over a 24-hour period and not over an actual 
casting period. However, im the results, both ways of considering 
the output per cubic foot are listed. 

Temperature readings of the metal were taken at intervals 
both while casting and during the standby period. In this manner 
an average temperature of the metal was found by taking the mean 
ot these readings. 

The gas pressure was taken at intervals, and it was found to 
have very little variation. 

For finding the amount of metal cast, an average sized plate 
with tail piece was weighed, and the number of plates counted. 
The weight of the shell plates was also considered as part of the 
total metal cast. 

The heat content of the gas as obtained from the Los Angeles 
Gas Werks Recordirg Calorimeter Charts was 1120 B.t.u. 


Results 
TIS RE eT Oe I ae ee ee 50 
Weight of plate with tail piece. oe mm; 
W eight of small shell plates, 24- hour. period.. 250 Ibs 

Total weight of metal cast.. " Ta oF 
Gas consumption during 24- hour period. dase 2400 cu. ft. 
Pounds metal per cu. ft. gas during 24 hour period... 1.6 
Gas consumption during actual casting period....... 560 cu. ft. 
Pounds metal per cu. ft. gas during actual casting 

gc SRNR ie NSERC eae eee 6.9 

Length of casting period ............... sauneaahabhibesaobecs 3 hrs. 5 mins. 
Maximum hourly consumption ........................ aii le 366 cu. ft. 
Average metal temperature while casting. sre 600°F. 
Average metal temperature while not casting.............. 560°F. 
Average gas pressure in inches H2O........................... " 8 
Avrage meter inlet temperature................0000-..0...... Bee | ye 
Average meter outlet temperature.............................. 87°F. 
ee: I iii iia i disaster 
Cost of gas—24-hour period... sicnhues aise 


$.526 per M.cu.ft. 
62.830 cu. ft. 


(sax rete for month of January 1930 
Monthly gas consumption 


Brief Discussion of Sterotyping Process 


About 15 minutes before the casting is to start, the burner is 
turned on so that the temperature may be fraitsed to the casting 
temperature of 600°F. At the same time the matrices of a special 
type of patented paper are being made by rolling the damp limp 
paper into the face of the form with a matrix rolling machine. 


As soon as the first of the matrix papers is made, it is “backed- 
up’, by gluing small pieces of heavy pulp-board in all low places 


i RK Beare ? ’ Ke it 


September, 1930 


on the back of the matrix sheet. This is done to prevent the high 
places in the matrix being forced back by the liquid metal, and 
thereby not showing clearly in the printing. 

After the matrix has been “backed-up”, it is baked hard and dry 
until it has a deep buff color. Following this it is placed in the 


semi-cylindrically shaped, water-cooled casting box and the hot’ 


sterotype metal is poured in. Within 1 or 2 minutes it is sufh- 
ciently cool to be handled with thick gloves, and is then placed on 
the finishing machine where the tail is sawed off and the edges 
trimmed to a uniform shape. Finally it is further cooled by being 
placed on a drum through which water is circulating, hand bev- 
eled, and inspected for defects, and is then ready to be placed on 
the rotating drum of the printing press. 

This whole operation of casting a single plate requires only 2 
or 3 minutes. However, the length of a casting period is usually 
3 hours or more because of the time elapsing between editions or 
sections of the same edition, as has been stated previously. 

After the casting for the day is completed, the fire is lowered 
somewhat and the small, thin shell plates are cast. These shell 
plates are cast on small mats borrowed from other newspapers, 
thereby saving the time of the engravers and linotype operators 
in making the new matrix forms for the editions of the following 
day. 

When this is finished the large burner is turned off, and only 
the %-inch tube which serves as a pilot light is left on to keep 
the metal in a molten condition until the following day. 


STEREOTYPE POT—SANTA MONICA EVENING OUTLOOK 


Operation performed—stereotype metal melting, 5000 lb. pot. 

Equipment used—Partlow blast burner equipment and control. 

Description, size and make—1 No. 53 burner, Pilot, 1 No. 80 duplex 
valve. 1 No. 75 firedoor filler block; burner fires into refractory 
firebed. Size of pot, 5000 Ib. 

When installed—February 2, 1930. 

Gas burning system—Air-gas blast (fan). Operating gas pressure, 
7% In. 

Refractories (thickness and kind)—2™-in. firebrick. 

What method of waste heat salvage is used—None. 

Insulation (thickness and kind)—1%-in. asbestos. 

Method of venting appliance—Direct flue connection. 

Temperature control—Mercury electric. Make—Parlow Corp. 

Working temperature range—650 to 670° F. 

Temperature of operation—670° F. 

*Cu. ft. of gas per week—13,000. 

*Pounds of product per week—30,070. 

Cu. ft. of gas per pound of product—0.432. 

B.t.u. value of gas—1120. 

Pounds of product per million B.t.u.—2065. 

Cu. ft. of gas per hour—180 max. cu. ft. of gas required to reach 
operating temperature. 

Previous source of heat—Atmospheric gas ring burners. 

Amount of previous fuel used per week—16,500 cu. ft. 

Pounds of product per week with previous fuel—26,300. 

Cost of operation wee on... 

Cost of operation with previous ES 

Brief description of process—Standard stereotype casting pot and 
machine. Weight of metal cast is small compared to size of pot, 
making overall ethciency comparatively low stnce net output is 
small while heat losses remain constant. 

Intangibles capitalized and remarks—Room temperature reduced 
15° F. due to new enclosed burner installation. 

User’s opinion of installation—Very satisfactory. 

Can installation be inspected—Yes. 


STEREOTYPE AND LINOTYPE POTS—PASADENA 
STAR-NEWS 


Linotype Pot: The No. 3 Goss pot of 4500 lbs. capacity is used 
to melt linotype metal, which is later cast into small flat plates or 
into ingots which are used in the operation of the linotype machines. 


This pot has the following dimensions (taken from Goss Com- 
pany catalog): Outside diameter, 4734 inches; height of drum, 
41 inches; diameter of bowl, 36 inches; diameter of drum, 44 
inches; weight, 2000 Ibs. The pot is made of 2-inch cast iron, 
semi-spherical in shape and approximately 22 inches deep. It is 
coated by 3 inches of asbestos insulation, which is enclosed by the 
sheet iron drum. 

The pot is fired by a Thompson atmospheric burner, which has 
30 cup orifices spaced on two concentric rings, the outer ring being 
approximately 12 inches in diameter. Each ring is fed from a 
l-inch pipe off the 14%-inch manifold, and has a cock for regulation 
of the gas flow. The furnace has a door 7x11 inches, which is left 
open at all times, apparently admitting an excess of secondary air 
and tending to make the furnace uneconomical in operation. The 
refractory is 4%-inch fire brick, and the flue is a 9-inch sheet iron 


pipe. 
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This pot was installed in its present position 4 years ago, and 
previous to that time for 8 or 10 years had been used for melting 
stereotype metal. It is equipped with a Ludwick pump and casting 
box which is used for casting ingots, and also with a portable cast- 
ing box which is used for casting flat plates. 

Stereotype Pot: The No. 5 Goss pot of 8700 lb. capacity is used 
to cast stereotype plates. It has the following dimensions (taken 
from Goss Company catalog): outside diameter, 5634 inches; 
height, 46 inches; diameter of bowl, 44 inches: diameter of drum, 
53 inches; weight, 3900 Ibs. The pot is made of 2'4-inch cast iron, 
is semi-spherical in shape and inches deep. It is insulated by 
3'% inches of asbestos which is enclosed by a sheet iron drum 

This pot is fired by a set of two rotary burners, each burner 
being divided into 3 parts, and each part having 12 parts. The 
two burners are fed off a 14-inch manifold, and each is controlled 
by a stop cock. The refractory is 44-inch firebrick, and the flue 
is a 12-inch iron pipe. There is a 12-inch manifold burner under 
the pump spout, which keeps the metal hot while being pumped 
into the casting box. The gas consumed bv this burner was con- 
sidered as part of the gas used in casting. 

This pot is equipped with a Goss pump, a Tycos indicating 
pyrometer, and a Pony <Autoplate finishing machine. It was in- 
stalled new in its present position four years ago. 


Procedure 

With the cooperation of D. F. Adkins of the Pasadena Gas Shop, 
the meters were set at the exact hour when shutting off the gas 
would be less likely to interfere with the operation of the stereo- 
typing machinery. It was also necessary to set the meters in as 
little time as possible so as to lessen the danger of the pot cracking 
due to contraction from becoming cold. 

The gas consumption of the linotype pot over a 24-hour period 
with the corresponding amount of metal cast into ingots and flat 
plates was determined. 

For the stereotype pot, the gas consumption over a 24-hour 
period, a regular casting period, and a weekly period, with the 
corresponding number of plates cast was obtained. In interpreting 
these results of the operation over the weekly period it is well to 
remember that no casting is done on Sunday. 

The maximum hourly consumption of each pot was determined 
by timing the consumption of a given amount of gas with a stop 
watch. 

Metal temperatures were found by using a Brown indicating 
pyrometer, but the fluctuations over a 24-hour period were obtained 
by using a Brown recording pyrometer. A _ photostat copy of a 
chart recording the temperatures of the stereotype metal over a 
24-hour period is included in this report. 

The gas pressure, and meter outlet and inlet temperatures were 
taken at intervals, and found to vary only slightly. 


Results—Linotype Pot 


Number ingots cast (24-hr. period) . 100 

Weight of single ingot...... . 25 Ibs. 
Weight of flat plates (24-hr. period)... 1735 lbs. 
Total amount metal cast (24-hr. period) 4235 lbs. 


Amount of gas consumed (24-hr. period)... 2400 cu. ft. 
Lbs. metal per cu. ft. gas during 24-hour period.... 1.76 


Maximum hourly consumption........ ; $92 cu. ft. 
Average temperature metal. 600°F. 
Average gas pressure 8 in. Water 
Average meter inlet temperature. 83°F. 
Average meter outlet temperature 85°F. 

120 


B.t.u. value of gas 


Gas rate for month of | March, 1930. ‘$46 per M. cu. ft. 


Cost of gas over 24-hour period... $1.12 
Weekly gas consumption... 14,900 cu. ft. 
Cost of gas over period of one week $6.85 


Results—Stereotype Pot 


Number plates cast during es period 85 
Weight of single plate-.............. 4514 Ibs. 
Weight of single plate with tail piece.. 66 lbs. 
Amount of metal cast during regular casting 

period 5.610 lbs 
Gas consumption during actual casting period 790 cu. ft. 
Lbs. metal per cu. ft. gas during actual casting 

I asia aint | 7.1 
Gas consumption during 24- hour period. 4,430 cu. ft. 
Lbs. metal per cu. ft. gas during 24-hour period 1.3 
Length of casting period... 3 hr. 40 min. 
Average temperature of metal while casting 630° F. 
Average temperature of metal while not casting 610°F. 
Average meter inlet temperature................ : 76 F. 
Average meter outlet temperature. 78 F. 


Maximum hourly gas consumption 457 cu. ft. 
Weekly gas consumption 
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Amount metal cast during one week........................ 30,558 Ibs. 
Lbs. metal per cu. ft. of gas during period of one 
DS 5 cakdivitiiicecniotnsibitiaielentennctinhebiaiaammncndspiniteelainiimiabiamilein 1.05 
a ANN AE NONE isc scistaheeenmrenieesinnaaiienaaciation 1120 
Gas rate for month of March, 1930........................ $ .46 per M. cu.ft. 
Cost of gas over period of one week........................ $13.46 


LINOTYPE POT—HOLLYWOOD NEWS 

Linotype Machine: ‘The test was of a No. 9507-B, Model 5, 
Mergenthaler Linotype machine. The power for this machine is 
supplied by No. M 01968 Emerson Motor, Type 9180, P. I., % H.P., 
50 cycle, 220 volt and 850 R.P.M. speed. 

The linotype metal is melted in a small pot, 5 inches square and 
6 inches deep, which is heated by a small 3-inch ring burner. The 
temperature on this pot is controlled by an Oscil Valve Heat Reg- 
ulator. 

There are only four of the linotype machines in this plant which 
are fired by gas, the remainder being heated by electricity. 


Procedure 

The monthly gas consumption was determined by reading the 
meter at the beginning of the test, and again 30 days !ater. 

The maximum hourly consumption was obtained by timing the 
consumption of a given amount of gas with a stop watch. 

The temperature of the metal was found by using a Brown 
pyrometer, while the gas pressure was on the line, and also after 
passing through the heat regulator was obtained by using a U-tube. 

To determine the amount of metal melted each day, an ingot 
was weighed, and the number used was obtained from the operator 
of the linotype machine. 

The cost of operation during the time of the test was obtained 
from the Accounting Department, and the heat content of the gas 
was found from the Recording Charts of the Gas Works calori- 
meter. 


Results 

Monthly gas consumption (30 days) -.................... 5,600 cu. ft. 

Maximum consumption per hour, with temperature 
ge Red ss 

ay a i iicesbta stash cicechataciadivtlinestoscesishiconcl 580°F. 

Gas pressure in lime........................ fa SNe st ee 8 in. water 

gga ge Se a ee 2.3 in. water 


Gas rate, Jan. 31, 1930, to Feb. 28, 1930........... Saad $.542 per M.c.f. 
Cost of gas for operating one month.............................. $3.07 
Rg ERE RP AE Soe eS Se 1112 

Amount of metal melted per eight-hour day................ 125 lbs. 


Amount of gas required per pound of metal melted 1.5 cu. ft. 


GAS APPLIANCES SERVED BY SELAS MIXING MACHINE 


Testing Apparatus 
Meter: For measuring the air-gas mixture consumed by each 
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unit, No. 394009, Serial A-2212, 2% Emco, positive displacement, 
iron case, meter was used. It has a capacity of 1800 cu. ft. per 
hour with a 2-inch drop, is designed to operate under pressures up 
to 50 pounds, and is equipped with a 10-foot proving head. 


Analysis Apparatus: For analyzing the air-gas mixture, a port- 
able Orsat apparatus containing pyro-gallic acid as the oxygen- 
absorbent, was used. A 2-cubic foot rubber sampling bag obtained 
from the Gas Works Laboratory was used to draw samples for 
each test. 

Pressure Gage: For determining the gas pressure at each set- 
up, a 12-inch mercury manometer was used. 

Barometric Pressure: The average barometric pressure for this 
series of tests was obtained from the charts of the recording aneroid 
barometer at the Gas Works Laboratory. 


Procedure 

Since the Selas mixing machine increases the pressure to ap- 
proximately 2 lbs. per sq. in., it was necessary to use a meter 
capable of withstanding that pressure. 

In hooking-up the meter at each fuel-consuming appliance, a 
good deal of caution was exercised to lessen the chances of an 
explosion of the air-gas mixture. After the meter was hooked up, 
the gas flow was turned on the maximum amount, and the time 
for consuming a given amount of gas was determined with a stop 
watch. At the same time, the gas mixture pressure was being 
found by the use of the mercury manometer. Following this, a 
sample of the gas was drawn and then analyzed to determine the 
air-gas ratio. 

This test was run on one unit of each of the fuel consuming 
machines in the factory, but was not run on the office radiators 
and a hot water heater, both of which use pure gas. The results 
are shown in Table No. 1. 


CASTING BATTERY PLATES—RESULTS OF 


OPERATING TEST 


: Performance 
Pot Cold Start 
Furnace Capacity Hours Cu. Ft. Gas 
Number __sODia. “Depth Lbs.Lead tomelt to melt 
: ae 32k ~~ a ae 


Casting Data 
Pounds Lead 


Cubic Feet 


Operators Melted 1100 B.t.u. Gas 
=. —_—_ Per Hour _ Per 100 Ibs. Lead 
1 217 35 
2 380 20 


3 550 18 


TABLE NO. 1—RESULTS OF TESTS ON APPLIANCES SERVED BY SELAS MIXING MACHINE 


Number of Burners 


Maximum 
Gas Cons. per Total Hourly | 
Unit/Hour Gas Consumption | 
@ 8-inches (Unit Cons. 
Water Column No. Units) 8-in. 


Air-gas Mixture 
, Cons. per Unit 
Temp. No.of Hour @ 1.62 


Kind of Machine Size and Style, Each Unit [ype of Control Deg. F. Units lbs. Press 1100 B.t.u. Water Press. 
No. 6 Body, 300 Min. Capy. ‘ex 
Troyer-Fox Maker 16 Burners in three clusters Partlow 550° . 500 cu. ft. 193 cu. ft. 1544 cu. ft. 
Young, No. 1616, Litho Oven 7 tubular burners Tycos & Partlow 375° 2 905 cu. ft. 349 cu. ft. 698 cu. ft. 
Young, No. 1675 Varnish Oven 10 tubular burners Brown & Tycos 375° l 949 cu. ft. 366 cu. ft. 366 cu. ft. 
$-Gallon End Fuser 8-2-ft. manifold, and 24 Partlow 535° 2 2086 cu. ft. 804 cu. ft. 1608 cu. ft. 
burners in 3. clusters 
Compound Dryer 8-in. Ring Burner Manual 200° 8 175 cu. ft. 67 cu. ft. $36 cu. ft. 
Young No. 2137 Can Drying 
Oven, General Line 2 Tubular Burners Manual 250° 3 648 cu. ft. 250 cu. ft. 750 cu. ft. 
§-Gallon Side Seamer 18 Burners in 6 Clusters, Partlow §25° 2 779 cu. ft. 300 cu. ft. 600 cu. ft. 
2 Preheating Burners 
S-Gallon Nozzle Fuser 2 3-ft. Manifold Burners Manual Open 2 399 cu. ft. 154 cu. ft. 308 cu. ft. 
flame 
5-Gallon Handle Fuser 12 Burners in 3 groups Manual Open 3 47 cu. ft. 18 cu. ft. 54 cu. ft. 
flame 
| 1-Gallon Overtead Dryer 2 7-ft. Manifold Burners Manual 200° I 807 cu. ft. 311 cu. ft. 311 cu. ft. 
| §-Gallon Overhead Dryer 1 Tubular, Buffalo Fan Manual 275° 2 774 cu. ft. 298 cu. ft. 596 cu. ft. 
Blast 
Metal Treating Furnace 8 Burners, Premix Manual 1800° l 1210 cu. ft. 466 cu. ft. 466 cu. ft. 
| (Max.) 
| Far Fuser Sanitary Line 4 Small Burners Manual Open l 102 cu. ft. 39 cu. ft. 39 cu. ft. 
| flame 
| Nozzle Fuser, General Line 2 4-ft. manifolds Manual Open 2 127 cu. ft. 49 cu. ft. 98 cu. ft. 
flame 
Soldering Pot 1 Small Burner Manual Open 16 27 cu. ft. 10 cu. ft. 160 cu. ft. 
flame 
Sodate Comp. Lining Machine 6 Burners off 3-ft. Manifold Manual Open I 53 cu. ft. 21 cu. ft. 21 cu. ft. 
flame 
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CHEMICAL INDUSTRIES* 


AS in chemical processes serves more than merely as a source 


of heat. As it lends itself to specific control of the desired 


combustion, it is used successfully in processes where a 
definite amount of carbon monoxide must be maintained in the 
furnace atmosphere. This “controlled” atmosphere is readily main- 
tained with proportional mixing apparatus, supplying a definite 
air-gas ratio. 

In the “calcining of lithopone the carbon in the gas is nearly all 
burned to monoxide, the hydrogen to 
water vapor, and a definite time-temper- 
ature cycle repeated as each batch of 
lithopone is burned. 

In other processes, the maintenance of 
a definite amount of free oxygen in the 
products of combustion is the desider- 
atum. 

A notable example is the oxidation of 
lead to litharge. Practiced with oil fuel 
before, because it was “cheap,” this fuel 
cost $1.50 per ton of litharge. Gas, with 
definite control of the combustion, utilized 
to the fullest extent the heat of reaction 
from lead to lead oxide, so that now 50c 
per ton of litharge is the total cost for 
gas costing 12c per therm (100,000 B.t.u.) 
which was substituted for oil costing 1.6c 
per therm. 

The direct saving in fuel in this in- 
stance was not the most important benefit secured; the oxidation 
of lead is a reversible reaction. When burning oil the furnace 
atmosphere was charged with incandescent particles of carbon, 
which reduced the oxide back to lead. The complete burning of 
the gas, with a definite excess of free oxygen maintained contin- 
uously, more than doubled the output of the lead oxide furnaces. 
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An original investment of approximately $500,000 in furnaces, 
handling apparatus and buildings was thus doing double duty at 
a time when the manufacturer was hard pressed for plant capacity 
to meet an unusual market demand for lead oxides. 


Lying between the above cited two extremes, other chemical 
heat applications demand a neutral atmosphere, which is as read- 
ily maintained with gas. 

An underlying principle of gas utilization in the chemical indus- 
tries, as in any other industry, should be the direct burning of the 
gas and direct transmission of the resulting heat to the products 
to be heated. In this manner the efhciency of the heating process 
is greatly increased, and in addition gas has very definite advan- 
tages of control not possessed by any other fuel. If indirect heat- 
ing becomes necessary, then other cruder, and cheaper fuels more 
readily can compete and take the place of the refined gas. 


When looking for new gas applications, the utilization engineer 
should be guided by the following factors: 

Permanency of load. 

Desirability of large sized load. 

Favorable load factor. 


It is almost self-evident that an application using gas uniformly 
at the rate of say 1000 cu. ft. hourly for every day in the month, 
rather than the sum of these amounts in a few hours during each 
month, is more valuable to the gas purveying utility. 

When thinking of the use of gas in the chemical industries, its 
application should be for purposes in which its position can in no 
way be contested by other fuels. 


Perhaps in no other industry does drying assume the importance 
as in the chemical industry, and this field offers a great potential 
outlet for the utilization of gas. 


We here imply the use of heated air and superheated water 
vapor for drying. Air used for drying is still predominantly 
heated indirectly by steam (in coils, and other forms of steam 
heated radiating elements), the large volumes of air necessary in 
drying being blown over the heating elements by fans. The use 
for drying of waste combustion gases resulting from different 
operations is not new, as for instance the use of waste heat from 
brick, terra cotta and other ceramic kilns in predrying the ware. 


More unusual is the substitution for steam of air directly heated 
by gas. The following notes refer only to this method of drying: 
the burning of gas, the products of combustion of which are in 
the act of burning mixed with the air that is heated for drying. 


A little reflection will at once make clear the advantages of 
such a practice compared with that of using steam as a heating 


*Submitted by Herbert Haas, Pacific Gas and Electric Company. 

medium. Gas can be burned without generating soot, dust, odor, 
grease. It is wasteless, there is no ash, or residue. It is delivered 
as needed, by pipe. 
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With a boiler efhciency of 75 per cent, the high efhciency of 95 
per cent of the steam heating apparatus, and the rather high net 
effect of 65 per cent in terms of water evaporated by the heated 
air, we have an overall efhciency for such a system of 0.75 X 
0.95 X 0.65 = 0.463. 

Heating the air directly with gas, a net effect of 65 per cent is 
feasible, (the 35 per cent losses being made up by the air carrying 
off the moisture, incompletely saturated, i.e. unavoidable excess air 
used in the process, heat absorbed by the material to be dried, 
radiation and other losses.) If we take 1100 B.t.u. in round figures 
as being theoretically necessary to evaporate 1 pound of water 
(only) in the wet material, indirect drying with steam-heated air 
will require, therefore, a heat input of at least 


1100 
—— — 2376 B.t.u. 
0.463 


per pound of water evaporated as against 


1100 
mmm Ze 4760 Btw. 
65 


per pound of water evaporated when using gas direct. 
In terms of a 550 B.t.u. manufactured gas, this indicates a gas 
consumption of 


1700 
3.091 cu. ft. 
550 
per pound of water evaporated burning the gas directly. A ratio 


of 1 to 1.4 in favor of gas in the amount of fuel used may not 
appear so appreciable as to give the more expensive gas the 
preference. 

However, the use of steam requires boilers and their tenders, 
steam lines and return system for condensate, and extensive heat- 
ing coils, the initial investment and constant maintenance of which 
is many times the cust of gas burning apparatus for heating the 
air. The latter can be made fully automatic in operation, burning 
an amount of gas proportional to the amount of air to be heated 
to the desired predetermined temperature. It requires no manual 
operation when once lit, and cost for operating maintenance is 
almost nil. 

The greatest advantage inherent in the use of gas for drying, 
however, is that the degree to which the air is heated is limited 
only by the temperature the substance to be dried can stand with- 
out injury. This will be better understood when stating the fol- 
lowing laws of drying with air: 

The required heat input to evaporate a given amount of water, 
say 100 pounds, is materially decreased by heating the air used in 
drving to the highest permissible temperature which the substance 
to be dried can stand. If the air is heated only moderately, from 
two to three times the theoretical amount of heat needed to evapo- 
rate a given quantity of water must be supplied. (Approximately 
2200 or 3300eB.t.u. per pound of water evaporated. Further, the re- 
quired heat input increases very materially, if the initial air 
temperature used for drying is lower than normal (for instance 
in winter). The colder the atmosphere, the greater the required 
heat input to evaporate 100 pounds of water. 

Further, the weight of air needed for drying increases with an 
increase in initial (atmospheric) temperature (in summer for in- 
stance). Assuming always that the air is fully saturated, a lesser 
weight of colder air (in winter) must be heated to the same final 
maximum temperature than the warmer air (in summer). This 
colder air requires a greater heat input to bring it to the desired 
temperature, but less work by the fans to move it. 

Epitomized, these laws signify: 

1. That the air should always be heated to the maximum pos- 
sible temperature which the material to be dried can stand without 
injury. 

2. That the heating apparatus must be of a size to be ample 
for the coldest weather in the year. 

3. That the air circulating system must be of a size to move the 
greatly increased air volume during the hottest days of the year. 

For summer operating conditions the heating apparatus will only 
partially be used to capacity, while for winter operating condi- 
tions the fan and blower systems will only have to operate at 
partial capacity. 

The examples in Table No. 1 show the effect of air temperature 
on heat input and weight of air required to evaporate 100 pounds 
of water. The atmospheric air at 30 in. Hg. barometric pressure 
is assumed to be fully (100 per cent) saturated before being heated 
and also when leaving the dryer. These represent optimum con- 
ditions, never obtained in actual practice, in which the heat input 
will be still higher, depending on the degree of saturation secured 
of the air leaving the dryer. 
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| TABLE NO. 1. | 


Heat and Air Requirements to Evaporate 100 Pounds of 
Water When Air for Drying is Heaated to a Maximum 
Temperature of 


86° F. 212° F. ca 
Temperature of initial (atmospheric) saturated air............ “ 2 —4+ 32 60 —+ 32 60 | 
Temperature of air after heating................ Ate he A Fs ha NN) °F. 86 86 86 212 212 212 
| Temperature of air leaving dryer (saturated) ................... “ f 42 56 68 87 90 95 | 
| I TN ad elihernanienneeniivenen-nonioinoteinasl Ibs. 13,230 16,670 26,300 3,610 3,670 3,870 | 
| Weight of water in (atmospheric) air.............000...0000.......... lbs. 10.1 64.5 283.00 2.75 14.20 4.00 | 
| Total heat input to heat air—B.t.u............... gta Abies pedal B.t.u. 282,000 215,000 172,000 185,500 158,200 144,000 | 
| Volume of saturated air leaving dryer.............................. cu. ft. 167,624 217,158 352,157 50,432 51,637 55,109 
Water leaving dryer, total weight............ cihahtsiethsieanasapealiniclidll lbs. 110.1 164.5 383.00 102.75 114.20 144.00 | 
The large weight of air needed for drying, varying (in the The B.t.u. per lb. of water divided as follows: 
above example) from 36 to 263 times the weight of water evap- Heat of liquid at dew point (117°)... 84.92 
orated, is of course due to the small heat capacity of the air. The Less heat of liquid at 61° (atmospheric temp.) ............ 29.08 
air must first warm the material to be dried including the water —— 
it contains, second, supply the heat of vaporization of the water Net heat supplied to liquid 61°F. to 117°F..................... 55.84 
to be evaporated, third, absorb into itself the evaporated water Latent heat of vaporization at 117°F............................. 1026.1 
and keep it in a more or less superheated state. a Be Lt aE, |: SRE nn ee nS 10.5 
At this point it may be emphasized that the use of superheated Total heat per lb. water evaporated................................ 1092.4 B.t.u. 


steam in drying should be favored, as it has approximately double 
the heat capacity, weight for weight, of air. Superheated steam 
can be secured by re-heating and recirculating a portion of the 
water-charged air, and then continue the drying with a mixture 
of heated air and superheated steam. ‘The latter must be kept 
below the concentration at which it would interfere with the ready 
combustion of the gas. 

The following are typical performance data of a direct gas- 
fired tunnel dryer perviously heated indirectly from steam coils. 
Length 60 feet, height 6% feet, inside width 4 feet. Material 
(arsenate of lead) is moved through dryer on cars, each car hold- 
ing 42 trays with filter cakes. Dryer holds 11 cars, every 80 min- 
utes one car of wet material is coupled to the train of cars, which 
is then advanced the length of one car, the car with dry material 
at the head of the train being removed from the dryer. The test 
was made by J. F. Aicher, test engineer, Pacific Gas and Electric 
Company. 

Weighi of: 


Wet material (1 car each 80 min.)......... . 1414 Ib. 
FR ER SS Pe PR a EE ae RS ae: 628 Ib. 
SS BEET NE, Oa RO SRS ROR Noes 786 Ib. 
Per cent water evaporated.... .................... Pe Fea ee aw wae 55.6% 
I CO a a e 1781 
Cu. ft. of gas per lb. of water evaporated................-......... 3.02 
Cu. ft. of gas per Ib. of dry material..................... 3 78 
Draft—Exhaust end, .60 in.; South end, .52 in. 
Atmospheric temperatures: 
Dry bulb 61% 
Wet bulb 56% 
Barometric pressure 29.67 in. 
Relative humidity 74% 
Water input to kiln: (each 80 min. period) 
Neight of water evaporated per car......... PE SE oe 786s Ib. 
Water in combustion products, 57.9 lb. per M, 2.375 M jus Seer ae 
Water in air, based on Ib. dry air exhausted 15,500 Ib. air, 60 er. 
a Oe rote mine PS CRN CREA IS OE 133 
1056.5 


Water vapor in exhaust gases: (each 80 min. period) 
Voleame of exhaust gases (76 min.) 254,000 cu. ft. 
Relative humidity at stack, 88% 
Dry bulb, 122.5°F. Wet bulb, 118°F. Dew Point 117°F. 
Barometric pressure 29.67 inches mercury. 
Partial pressure of vapor 3.161 in. 
Partial pressure of air 26.51 in. 
Cubic feet of dry air per Ib. 16.38. 
Total Ibs. dry air exhausted, 15,5GU. 


Mean temperatures, discharge end of kiln: 


Dry bulb, 139.5°F. Wet bulb, 115.1°F. Rel. humidity billed 47% 


Weight of saturated vapor per lb. dry air at 139.5°F wr. 
At 47% relative humidity weight of vapor per lb. is . 0714 Ib. 
Total water vapor removed, 15,509 x.0714_.0.00000000 0... . 1,100 lb. 


Heat Balance: 


Quantities for a period of 80 minutes, as one car is produced each 80 minutes. 
The B.t.u. input per car is 2375*550—1,306,000. 


The heat is used as follows: 
Yo of 
Weight Spec. B.t.u. Discharge Total Total 
Material Lb Heat Per Lb. Temp. °F. Heat Input 
car (iron) Sie 1 53.8 550 43,100 3.3 
See “Eee eo 369 Al 53.8 550 19,900 1.5 
Arsenate of lead.......... 628 10 48.9 550 30,700 2.4 
Water evaporated —. a 1092.4 139.5 858,600 65.7 
Atmospheric vapor...... 133 .467 36.7 139.5 4,900 4 
PT icesdhindiciahiinih esis sdiohokek ae .2424 19.0 139.5 295,000 22.6 
Radiation by difference ...... ae aes be C0 iad Seer 53,800 41 


1,306,000 


From the above it will be seen that steam as a heating medium 
of air has very definite limitations. Even moderately highly heated 
air (250-300°F.) would require saturated steam at high pressure 
(saturated steam because its heat transfer is much more rapid than 
that of superheated steam, which in its properties is more like that 
of a “permanent” gas) to give the necessary difference of thermal 
potential needed to insure rapid heat transfer. Such high pressure 
heating systems are more costly and less safe than those operated 
at lower pressure. For this reason moderate steam pressure is 
preferred, (100 to 200 pounds gage pressure) and as a consequence 
larger fan installation to move the greatly increased volume of 
moderately heated air required for drying. It is thus seen that 
this condition brings about the use of increased boiler capacity, 
increased heating surface, increased blower and fan circulating 
systems, and increased size of drying chambers. 


It is in the total elimination of boiler and indirect heating sur- 
face, and the reduced size of air circulating systems and drying 
chambers, that the greatest economical advantages accrue to the 
direct use of gas for drying. 


The use of air at higher temperatures greatly increases the speed 
of drying. In one instance the output of a tunnel dryer, when 
using indirect steam heated air, had a daily output of 6,000 Ibs. of 
dry material (evaporating 9000 pounds of water). This, using air 
directly heated with gas, was increased to more than double that 
quantity (evaporating as much as 18,000 pounds of water). In 
this instance the gas burning apparatus, consisting of simple pipe 
burners, was built into the spaces formerly occupied by the steam 
coils. 

For air circulation—a dual system of fans for re-circulating the 
air and an exhaust fan for removing the moisture laden air give 
best results. 

The latter must be of a size to exhaust that weight of air which 
at its required exit temperature and—say 75 per cent humidity— 
will carry off the desired amount of water in a given time. ‘The 
circulating fan must have a capacity several times that of the 
exhaust fan to insure intimate contact of air with the material to 
be dried and increase the efficiency of the drying system as a 
whole. 

The foregoing remarks in no way imply that gas can be used in- 
discriminately for drying. There are, however, many substances that 
are in no way affected injuriously by the relatively small amounts 
of carbon dioxide in the large heated air stream used for drying. 
Sulphur in manufactured gas, when the latter is properly purified, 
and of which there is usually less than 200 grains of sulphur or 
400 grains of sulphur dioxide (when burned) In 1000 cu. ft. of 
gas, likewise is of little consequence, when the final dilution of the 
heated air is considered. Thus, air heated to 200°F. would only 
show a concentration of 1 grain of SO. per 500 cu. ft. of heated air, 
or approximately 1 vol. SO2 in 625,000 volumes of air. For the 
same conditions the CQO, concentration would be approximately 1 
in 350 volumes of air. 

No hard and fast rules can be laid down as to the best arrange- 
ment of a drying installation. The nature of the system is greatly 
governed by the material to be dried. The air may be circulated 
counter current, or uni-directional, with the movement of the mate- 
rial to be dried. Or it may be circulated back and forth across 
the moving material to be dried. 

The uni-directional system often permits of the use of higher 
initial temperature of the air, as this, coming in contact with the 
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wet material is quickly cooled by the evaporated water to a point 
where it will not injure the material to be dried. 

The planning of any drying system presupposes a knowledge of 
the following factors: 

1. The weight of the material to be dried. 

2. The weight of water which has to be removed. 

3. The highest temperature to which the material may be 
heated (without affecting it injuriously). 

From the above one must determine: 

1. The total required heat input. 

2. The capacity of the heating apparatus. 

3. The amount of air that must be moved: 

a. Before it is heated. 
b. After it is heated. 
c. When it is exhausted. 

A word of caution is here in place to the utilization engineer. 
The water to be evaporated is frequently stated in terms of per 
cent of the wet substance to be dried, and is often used rather 
carelessly and without a proper understanding of its significance. 
Thus, a person supplying the information may say that the mate- 
rial contains from 50 per cent to 55 per cent of moisture, without 
considering the true difference the additional 5 per cent makes. 
Fifty per cent moisture of course means that 1 pound of water 
must be evaporated to secure 1 pound of completely dry substance, 
while 55 per cent of moisture means that 1.222 pounds of water 
have to be evaporated to secure 1 pound of dry material, a vast 
difference in laying down the size of a drying system! In one 
instance a material said to contain 50 per cent moisture actually 
contained over 60 per cent when carefully tested before and after 
drying, which meant that more than one and a half times the 
amount of water originally indicated had to be evaporated. Cases 
where this water actually amounted to double the amount the ma- 
terial was stated to contain, have come to my knowledge. Such in- 
formation is not given with any intent to deceive, but because the 
true conditions are not known. It is therefore best practice to secure 
a written statement from the interested prospective consumer of 
what has to be accomplished; that is: nature of material to be 
dried, the weight of water contained in a unit weight of wet sub- 
stance, and the weight of dry material to be produced in a given 
time. 

The calculations needed when substituting gas burned directly 
and mingled with the air to be heated for drying do not differ 
materially from those used when heating the air indirectly with 
steam. 

The computations required for laying out a drying system are 
somewhat extended and laborious. I have found the following 
works useful: 

E. Hausbrand: Das Trocknen mit Luft und Dampf. Sth Ed. 

W. H. Carrier: Rational Psychrometric Formulae. 


Trans A.S.M.E. Vol. 33-1911 

The Theory of Atmospheric Evaporation With Special Refer- 
ence to Compartment Dryers 

Journal of Industrial and Engineering Chemistry. Vol. 13, No. 
5, May, 1921. 

The Temperature of Evaporation. Trans. A.S.H.V.E. 1918. 


The Control of Humidity and Temperature, as Applied to Man- 
ufacturing Processes and Human Comfort (Heating, Piping and Air 
Conditioning—Nov., 1929. 


LAUNDRIES* 


E have long looked upon the laundry industry as holding 

a most desirable load. But our position has been much 

like that of the horse who stands in the pasture and looks 
longingly over the fence at the clover in the next field. Between 
us and the large laundry load has stood the barrier of cheap 
competitive fuel. 

The laundry equipment manufacturers make appliances designed 
only for the use of steam. The result is the commercial laundries 
are all equipped with a large steam boiler, an appliance in which 
crude fuels are used at their best and in which the usual advan- 
tages of gas, such as less labor, less dirt, higher efficiency, and im- 
proved quality of product, are at their lowest value. Steam is 
used for everything. The gas company may get in a hot plate 
for a starch pot or a coffee urn in an employees’ lunch room. 

The steam boilers are fired with oil at 3c a gallon, or heavy 
mill-run slab wood at $4 a cord, or sawdust at $2 a unit. Re- 
cently a good stoker that will burn $6 coal has been introduced. 
Against this lineup the gas salesman has made many courageous 
attacks without results. 

The entry of the Gasway Corporation of Chicago into the field 


*Report of sub-committee on Varied Industries: A. O. Leech, Chairman, Port- 
land Gas & Coke Company; W. W. Fitkin, Southern Counties Gas Company; 
R. J. Phillips, San Diego Consolidated Gas & Electric Company; Harry Warren, 
Southern California Gas Company. 
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Fig. 2. 


has opened a way for the gas industry to get some business from 
the laundry industry. This concern has a unique sales method. 
Their representative calls upon a hotel or institution that is sending 
laundry to a commercial plant. Data are obtained on the quantity 
and type of laundry sent out and the cost of the service. The sales- 
man then submits a proposal to install the equipment and he guar- 
antees to show a saving. If his proposition is accepted, and it is 
a hard one for a manager to turn down, the company installs the 
equipment, organizes a laundry crew, and supervises the opera- 
tion for a month. Accurate record is kept of all expenses. The 
saving accomplished becomes the payment on the appliances. The 
manager soon has a good laundry that reduces his operating ex- 
pense and he has not made any capital outlay. But the interesting 
part to the gas man is that all the equipment is designed to burn 
gas. 

A Gasway system was installed about a year ago in one of the 
leading hotels of Portland. The hotel has 530 rooms, a grille and 
two coffee shops. The hotel handles a heavy transient trade and 
hence requires considerable laundry service. Sheets, towels, cur- 
tains, napkins, pillow cases and other miscellaneous items amount 
to about two hundred and ten thousand pieces a month. ‘The 
equipment installed consists of two washers, two extractors, a 
tumbler, two mangles, a cabinet dryer, two presses, two press 
boilers, and several small items. 

The tumbler is shown in Fig. 1. The gas burners can be seen 
entering one end of the machine near the bottom. The large 
insulated pipe at the other end is the vent. After the articles are 
washed they are placed in the centrifugal extractors where most 


Page 100 


of the water is removed. Next, they are placed in the tumbler and 
quickly dried. They go from the tumbler to the ironers, or man- 
gles, as the laundry men call them. Fig. 1 shows the feed side 
of an ironer and Fig. 2 shows the take-off side. The big center 
roll is hollow and a gas burner runs through it. With gas it ts 
possible to get a hotter roll than with steam. ‘This allows the 
pieces to be run through faster, adding greatly to the capacity of 
the machine and cutting down on labor cost. 


In addition to the equipment shown in the pictures there is a 
suit pressing department with two presses and two small gas boil- 
ers that provide a quick pressing service for the hotel guests. 
From 250 to 275 thousand cubic feet of 570 B.t.u. gas are consumed 
each month. 

The total cost of operation is about two-thirds of the former cost 
of laundry service. ‘The hotel manager has found that his linen 
lasts longer and that due to faster service he does not have to 
maintain as large a supply of linen and curtains. The satisfactory 
performance of the gas heated system is evidenced by the fact 
that a similar plant is now being installed in one of the largest 
hospitals of the city. 


NATURAL GAS CONVERSIONS* 


HE subject of natural gas conversions is of considerable 

importance to gas companies in the San Francisco Bay 

District this year because of their recent acquisition of 
natural gas. 

The advent of natural gas brings with it reduced operating 
costs and reduced rates to the consumers, but it also brings a 
period of greatly reduced revenues for the gas companies until 
they can increase the volume of business to again absorb the 
overhead. From a theoretical standpoint 
it would seem that a reduction in price 
of gas would automatically increase the 
demand for it, and so keep the scales 
balanced. In actual practice, however, 
it remains for the gas company to ac- 
tively sell each added cubic foot that is 
used. 

The most rapid method of bringing the 
gross revenue back is through the sale 
of gas to large industrial plants. Here 
again it would seem that upon estab- 
lishing rates which place gas on a com- 
petitive basis with other less desirable 
fuels, the new business office should be 
overwhelmed by industrial executives 
clamoring to avail themselves of the ad- 
vantages of this superior fuel at no great- 
er cost. Such is not the case. No matter 
how favorable a proposition may be, the 
plant executive must be sold by con- 
tinuous and intensive effort on the part of the industrial sales 
engineer. 

This committee has attempted to collect the experience of the 
various member companies. 

A questionaire was sent out, in the answering of which the mem- 
ber indicated the status of his company: 


K. B. Anderson 
Chairman 


Question No. 1. How much industrial load which has been 
converted from other fuels to gas has your company on its lines? 


—E — —— — 


Co. A Co. B in. ¢ Co. D Co. E 


(a) MCF pel Year 602.976 8. 674,500 7,771,488 586.776 3 8£6 640 
(b) $ per Year $129,153 1,664,385 108.171 736.964 


(c) No. of Consumers 4; 1.025 226 l 


254 


Question No. 2 What is the potential field for further conver- 
sions in your territory? (Your best estimate). 

Co. A. 175,000 M.C.F. Still available. 

Co. B. 867,000 M.C.F. Increase in 1930 expected. 

Co. C. 233,000 M.C.F. Still available. 

Co. D. 12,000,000 M.C.F. Still available. 


Co. E. The potential field for further conversion is a problem- 
atical question. We have converted possibly 80 per cent of the 
industries on our lines, leaving a balance of 20 per cent for future 
work. These industries consist of laundries, brick yards and vari- 
ous manufacturing plants. There is another class of business which 
is not attractive to us as an industrial load, unless we could sell 
it at a rate much higher than our average industrial rates at the 
present time, namely, ofhce buildings, hotels and general commer- 
cial heating. This is a seasonal load, using gas for heating 


*Renort of Sub-Committee: K. B. Anderson. Chairman, Coast Counties G & FE. 
Co.; O. B. Dickson, P. G. & E. Co.; A. T. Fesler, Santa Maria Gas Co.: H. H. 
Foreman, So. Calif. Gas Co.; C. M. Robert, L. A. G. & E. Corp.; Chas. Terry, 
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during the winter months only, at the very time when our domestic 
load reaches its peak. ‘This is the winter problem encountered 
by the entire gas industry, the solution of which would materially 
increase industrial gas business. 


Question No. 3. What is the range of rates which applies to 
these consumers? 


Co. A. 20c to 50c per M.C.F. 
Co. B. 15c to 62'4%c per M.C.F. 
Co. C. 12c to 40c per M.C.F. 
Co. D. 14c to 35e_ per M.C.F. 
Co. E. 15c to 36c per M.C.F. 


Question No. 4. What is the range of prices of competing or 
displaced fuels? 

Co. A. Oil at $1.15 per bbl. 

Co. Oil at 45c to 85c per bbl. 

Co. C. Oil at 56c to $1.10 per bbl. 

Co. D. Oil at 70c to $1.65 per bbl. 

Co. E. Oil at 50c to 90c per bbl. 


Question No. 5. Where conversions to gas have not been made, 
what is the principal reason? 

Co. A. Practically every consumer in this district has been 
converted to gas, except one plant. Negotiations are under way 
now for its conversion. 

Co. B. The principal reasons why conversions to gas have not 
been made are entirely due to the present low cost of fuel oil 
which may be purchased at the same cost per barrel, regardless 
of the quantity used and where the consumer fails to consider 
any factor other than b.t.u. values of both. Where the matter of 
conversion is left entirely in the hands of a consulting engineer 
who has had no experience with natural gas, has had much ex- 
perience in the use of fuel oil, really knows how to burn oil and 
figures only B.t.u. values, you might just as well fold up your 
slide rule and hope for a rise in the price of oil. 


As an example, we have on our system a government institu- 
tion that calls for bids each year for a specified quantity of fuel 
oil, or 49,500 barrels, delivered to storage tanks provided. The 
Government has 10 such imstitutions scattered throughout the 
country, and they have never used gas in any of their high-pres- 
sure boiler set-ups, and have what might be called the most efh- 
cient oil burning equipment possible. 

In submitting a price for gas we were required to make a 
written efhciency comparison between oil and gas. We were al- 
lowed 3% per cent of the total amount of steam generated to 
heat, pump and atomize fuel oil. We were also requested to 
quote a total price of gas, equivalent to barrels of oil as stated 
above. The Government engineers make rounds each year, writ- 
ing the specifications for fuel oil, calling for and opening bids. 
Their 1929 low bid being 45c per barrel, our volumes of why gas 
would cost less at the end of a 10-year period, failed to impress. 

Co. C. The price of fuel oil is so low that the price of gas 
burning equipment cannot be justified. 

Co. D. The principal reasons for our not having converted all 
of our industries to natural gas are as follows: 

1. We have not had time to overcome the inertia always present 
in large industrial concerns when it comes to making a major change 
euch as this. (Natural gas available only since March 1930 in 
this territory). 

2. Exclusive fuel contracts made with oil companies which 
legally prevents their using any other fuel during term of oil 
contract. 

3. Such fuels as Dubbs which avowedly have no price level 
except as required to be below competing fuels. 

Co. E. Los Angeles has possibly the cheapest oil in the world. 
There are many small companies who must sell their fuel and 
will sell at any price. Where the price of oil from the larger 
companies ranges from 80c to 90c per barrel, the smaller com- 
panies are offering fuel oil as low as 50c and 60c per barrel. Some 
few plants buy a product which is known as “cracked oil,” still 
cheaper than 50c per barrel. This fuel, however, is very difh- 
cult to burn and requires the application of steam to heat before 
the oil is atomized. 

It is impossible for gas to compete with oil at the above prices 
on a price basis. In many instances our gas rates are from 10 per 
cent to 30 per cent higher than oil. 

When conversions to gas have not been made price is the prin- 
cipal reason. We also find objection to the clause in our contract 
which provides for the shut-off of gas on 30 minutes notice in 
case of shortage of gas, requiring the consumer to be provided 
with oil stand-by. The installation price is often the stumbling 
block to a successful conversion. This could be readily overcome, 
however, if we could show them a saving, but where gas is higher 
than oil, or even equal in price, they do not feel justified in mak- 
ing the expenditure for intallation of gas burning equipment. 
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Question No. 6 Where gas has replaced lower priced fuels, 
what advantages of gas have made possible the conversion? 


Co. A. The conversion has been made possible by ease of 
handling, cleanliness, etc., inburning brick, no black brick, and 
more even temperature giving increased production. 


Co. G. In discussing this question, I would add, “How do you 
hold your present gas load (or consumer) in the face of the 
present low cost of fuel oil,” as this, in my opinion, is more im- 
portant than securing new business. 


There are many things entering this total picture, when you 
consider that you insist that the consumer maintain oil burning 
equipment and an adequate supply of oil to assure him protection; 
as he is subject to discontinuance in case of shortage of gas when 
operating a surplus industrial schedule. 


When discussing the advantages of gas, you may bring out 
points, such as: Gas with complete combustion produces a soft 
Hame; uniform circulation; no concentrated heat on tubes or fire 
box refractory (the life of refractory, from actual data, proving 
to be six and one-half times that of linings where other fuels are 
used) ; the building up of carbon and the cleaning of tubes elimin- 
ated; assuring the higher continued efficiency; no auxiliary equip- 
ment to maintain, operate or replace; no steam required for atomiz- 
ing or heating of storage supply; cleanliness; dependability of 
service; uniform pressure and B.t.u. value assured; dependable 
automatic control, etc., assured. 


I term the above as only conversation, at this time, but it will 
be realized at a later date, if the gas companies’ policies are such 
that they feel responsible for the product they sell, from the time 
the gas enters the consumer's premises until it goes out the stack. 


Co. C. It is clean, easy to control, flexible and dependable. 


Co. D. Almost every application of natural gas to industry 
can be made to show a saving other than fuel cost. Less perfect 
fuels require energy in some form to prepare them for combustion. 
In boilers where the maximum load is limited by draft conditions, 
gas offers increased capacity. In furnaces requiring accurate 
temperatures and atmosphere control, gas offers the solution. In 
the manufacture of preparation of food stuffs gas offers cleanli- 
ness, both of itself and in its products. In the ceramic industries 
its purity permits the use of direct firing with its low first cost 
and high operating efficiency where cruder fuels require an ex- 
pensive muffle kiln. 


Co. E. Where gas has replaced lower priced fuels, the majority 
of consumers would prefer gas to all other fuels because of its 
cleanliness, flexibility and ease and accuracy of regulation. We 
find at times a plant where the boiler capacity is too small. By 
enlarging the fire box, it is possible to double the rate horsepower, 
thereby saving the expense of installation of additional boilers. 
The engineer will often give assistance because it gives him more 
time to keep his machinery and general work up. We stress the 
item of flues, for when oil is burned, flues must be cleaned once 
a week, while with the use of gas, flues remain clean and efficient 
indefinitely. 


Question No. 7. A discussion of special or individual cases 
where gas has replaced other fuels against keen competition, over 
serious obstacles, or with unusual advantage or saving. 


Co. A. In burning “Sil-O-Cel” Celite brick, the use of natural 
gas in place of fuel oil has made possible a better product and has 
increased production, because it has been possible with natural 
gas to keep the kiln at a more even temperature, eliminated the 
waste of blackened brick, and with the even temperature has made 
a more even product. In drying Celite in rotary kilns and in 
furnaces, the use of natural gas has been able to speed up produc- 
tion in calcining by higher temperature at the point needed. 


Co. B. I would say that 75 per cent of all oil-fired set-ups are 
inefhcient, due to improper application. You will probably find 
that the eperating engineer has worked out an oil burner that he 
thinks is O.K. You will also find many gas set-ups equally as 
inefficient, as it is generally believed that any one can make a gas 
burner; that all he needs is a piece of pipe and a few fittings. The 
gas engineer knows all angles of these subjects, and, in the conver- 
sion job he has everyone gas minded; has sold the gas company to 
the consumer; he is not trying to sell gas burning equipment ad- 
vancing the idea of immediate saving over present operation, of 
25 per cent; he is not leaving the thought that gas is cheaper, 
but that it is better. If you are successful in reaching this point, why 
back up and let the burner salesman break this all down? The 
gas companies should recommend the equipment that they all 
believe will meet the conditions, regardless of the make of the 
appliance, and they should sell the total equipment required, in- 
cluding automatic controls that they believe will meet that par- 
ticular condition. 

Co. D. We had difficulty in persuading one of our smaller 
prospects that gas would prove advantageous in his laundry. One 
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day we happened to drop in on him at about 5 P. M. He seemed 
more favorable that day and when we went out to see his boiler, 
we found the reason,—his oil burner had broken down in the mid- 
dle of a big day’s wash and would require at least another day 
to repair. After hasty consultation with the distribtuion depart- 
ment, we promised him gas the following morning. The main 
was extended, service laid and steam raised by 4 A. M. or 11 hours 
after we made the proposition. He saved one day’s work and is 
willing to pay a little more for gas. 


A prospective consumer was having difhculty in his paper plant 
because of discoloration of his product in the dryer. Gas was 
installed and the customer was willing to pay for 1000 feet of 
main extension and three times as much for his fuel, simply be- 
cause he could get a perfect product. (He is using manufactured 
gas; as soon as natural gas arrives his fuel cost differential will 
be reduced about half). 


Two plants have discovered that under natural gas firing they 
can eliminate the use of their boiler plants entirely, as steam was 
formerly used only for heating oil, atomizing oil and operating air 
pumps for oil firing. Saving the maintainance and operating costs 
of the boiler plant will make gas considerably cheaper to use. 


In boiler plants using steam atomizing burners where _ local 
water conditions are bad, the use of gas not only eliminates the 
loss of a certain percentage of steam, which under oil firing low- 
ers the overall efficiency and net generating capacity of the boiler, 
but also effects a saving in the amount of make up of water and 
in the expense of cleaning the boiler tubes. (This may be of con- 
siderable importance in a plant that utilizes a high percentage of 
condensate return. The steam sent up the stack for oil atomiza- 
tion may constitute a large percentage of the raw make-up water 
necessary. ) 


In a large smelting plant an analysis showed that a large amount 
of heat was required to maintain the viscosity of that oil in the 
long distribution lines. This is a direct operating expense that is 
entirely eliminated by the use of gas fuel. 


A considerable loss in combustion efficiency, quality of finished 
products, and operating time is caused by the manual adjustment 
of furnace atmosphere in the metal and ceramic industries. This 
loss can be reduced by the ease with which gas lends itself to 
automatic proportioning. 


Co. E. Southern Pacific Company was one of the first consumers. 
Gas was used in five 250 H.P. boilers and in the general shop 
work. They use approximately 42,000 M. cu. ft. of gas per month 
at a price of 15c per M. cu. ft. They were buying oil from their 
own company at a cost of 81%c per barrel, yet Mr. Schoenky, 
supt. motive power, informs me that after turning gas into the 
shop it was possible for him to gain higher efhciency and that the 
use of gas was saving Southern Pacific Company $24,000 per year. 
This saving is not justified from a B.t.u. standpoint. It was ac- 
complished, however, because the efhciency of oil as it was used 
was very low. By making proper adjustments on their appliances 
and with a certain amount of educational service through our in- 
dustrial department, we were able to accomplish these results, 
which shows that it would be impossible without proper installation 
and supervision of the work to secure and hold industrial business. 


We are also serving a number of large clubs and high class 
hotels, and while our rate from a B.t.u. standpoint will not com- 
pete with oil for this type of business, nevertheless the engineer 
of the Jonathan Club informs me that they are saving from 
$800.00 to $1000.00 per year in the repair of their fire boxes alone. 
This item will more than offset the difference in fuel cost. They are 
also relieved from the smoke nuisance, saving money and time in 
laundry and cleaning work. The roof of this building can now 
be used for recreational activities where with the use of oil, the 
smoke and soot made this impossible. 


There are many arguments which a salesman can use to sell 
gas at a higher price than competing fuels, but he must convince 
and show the advantages, and sell gas not as a competing fuel, 
but as a superior fuel. With the present price of oil, it is impos- 
sible to compete on a price basis. Our campaign is waged on the 
superiority of gas and the ultimate economies which gas effects. 


Conclusion. 


In conclusion it may be said that the above discussion throws a 
little light on the problem confronted by some of the member com- 
panies in connection with “Natural Gas Conversions’. 


It is the belief of the committee that in order to put industrial 
load on the lines quickly, the price of gas must be such that the 
consumer can earn a reasonable return on the investment in equip- 
ment and distribution lines. However, a good job of selling re- 
quires that each item of saving be evaluated and made to do its 
part in convincing the prospect of the desirability of natural gas. 
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BOILERS* 


ELLING gas fired boilers might be classified as a specialty 
selling. In other words, a man selling furnaces and other ap- 
pliances of a different nature and design can hardly do justice 

to selling boilers without first getting the knowledge and funda- 
mental principles of a good boiler installation. It requires special 
treatment. There are so many classifications requiring steam for 
various processing which necessitate careful study. There are many 
intangibles to take inro consideration in 

making a «ood boiler installation. It 1s | 


UK 


more or less a study in itself. 

To assist in developing boiler sales the 
following plan will work out to some ad- 
vantage: Conduct a series of campaigns 
monthly or semi-monthly depending on the 
amount of business in each classification. 
Let us start with bakeries for instance, 
using steam for humidifying the air in 


ovens and for heating proof boxes. Al! 7 
brick ovens of the Dutch Peel Type re- 7 
quire steam for bread baking. The old 7 
primitive method of pouring water into a L 
spout on the side of the oven can be y 
eliminated by using a small boiler for AMMA 


this work. Make a thorough survey of all 
bakeries in the territories, develop pros- 
pects and close them. Then take all the 
candy manufacturers, requiring steam 
for jacketed kettles and special machines; laundries for boiling 
starch, heating mangles, and ironing presses; canneries for steam 
jacketed kettles for preserving jams, jellies, syrups, and for ster- 
ilizing; restaurants and hotels for steam tables and cookers, hos- 
pitals for cooking and sterilizing, etc., until every classification 
requiring steam for processing is thoroughly covered and sold. 


The maintenance of boilers is an important factor, one of great- 
est importance. This problem has been one of the most neglected 
and should be given serious consideration. 

The boilers on the market today and which have been commonly 
known and used for several years are of the vertical fire tube type 
with small tubes. The small tubes are pretty much congested, giv- 
ing very little opportunity for cleaning thoroughly. If these small 
boilers are not cleaned regularly and kept in good condition, they 
soon lose their efficiency, which results later in a high fuel bill, 
complaint, and a dissatisfied customer. 


A mild solution or compound can be used very effectively with 
little expense and trouble. The boiler can be treated with a com- 
pound regularly each week end and blown down, inspected care- 
fully, and kept in good operating condition. If these types of boil- 
ers are not kept in good condition, it becomes necessary to take them 
to a boiler shop for cleaning and retubing, which is a very costly 
job. 

Boilers that have been given treatments have been known to have 
been in use over ten years without any interruption of service. 


Another important factor to be taken into consideration in the 
use of automatic gas fired boilers is that of a correct and efficient 
boiler installation. There are many things to be considered in mak- 
ing a good installation, such as convenient location, flues of proper 
sizes and height, proper sized steam traps are very important on 
a closed system. Let us take for an example a preserving plant 
cooking jams and jellies, where high pressure steam is required 
and speed is one of the most important factors. Jams and jellies 
are usually boiled to a temperature of 218° F. and must be done in 
about eighteen minutes. In order to give this speed, it is good 
practice to install large steam pipes and large returns. For an 
example, when three 40 gallon kettles are used, use 1%-in. steam 
piping and the same size can be used for the return pipe; use %4-in. 
open float type steam trap on each kettle, and connect them sepa- 
rately into the return line. This eliminates any possible back pres- 
sure on the kettles and gives good circulation. 


It is not good practice to install one trap to take care of two or 
three kettles. This has a tendency to retard circulation and the 
system becomes sluggish. ‘This holds true with almost any boiler 
installation when closed system is used. A closed system should be 
used in every boiler job if possible, as it is the most economical 
installation. 


All steam pipes and jackets on the steam kettles should be cov- 
ered with a good grade of insulation, including the boiler. A good 
insulation job saves from ten to twenty per cent in radiation losses. 


Let us give some thought to the automatic controls and regulators 
on these boilers. The types of boilers commonly used hold a com- 
paratively small amount of water and must be watched constantly 
where steam is used in open jet work. Low water is a dangerous 
condition and in most cases when a boiler goes dry, when heavily 
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fired, it has to be retubed. This occurrence is usually due to neg- 
ligence on the part of the operator. ‘There are numerous types of 
feed water regulators and low water alarms that can be used to 
good advantage which will eliminate this hazard. Too much care 
cannot be taken in making a boiler installation that will give satis- 
faction and give the least trouble. One poorly installed boiler job 
is a knock for another sale. 

Automatic gas fired boilers are ideal for any industry requiring 
steam for processing, and if installed correctly should give very 
little trouble to operate. Boilers should be installed only by licensed 
firms or people who are familiar and qualified to install this class 
of work. And the advent of natural gas into the San Francisco 
Bay area and of a higher heat content gas into the southern part 
of the state will assist materially to build up a good substantial 
gas load on the companies serving this territory. 


SMALL GAS FIRED BOILERS IN SOUTHERN CALIFORNIA* 


Bis Southern California Gas Company is serving a large 
number of small boilers on their lines. As a whole they have 
given very little trouble and they are a very good source of 
revenue. The greater portion of these are boilers in small retail 
dairies where they supply the steam for sterilizing bottles and 
milk cans. A number are used in candy or special foods manufac- 
turing plants where they want high pressure steam for cooking 
purposes. Many manufacturing plants use these small boilers 
where they use steam for heating and 
drying purposes. Most metal plating 
plants use steam coils fn their pickling 
vats. 


In the various manufacturing plants 
a high grade automatic boiler is best, and 
is usually demanded by the customer. 
They want to be relieved of all worry 
and bother of tending a small boiler, and 
they are generally willing to pay a good 
price for an efficient, safe, and reliable 
outfit. 


The dairy supply houses around Los 
Angeles handle a very simple and st _y 
boiler in both upright and horizontai re- A. ‘ 
turn tubular designs. These are origin- TODO) 
ally equipped with grates for burning 
solid fuels, but can be readily converted 
to gas. They generally have 2-inch flues 
and are consequently not as efficient as 
those boilers which are designed especially for gas with the 
one inch flues. They lack automatic equipment, but the average 
dairyman does not seem to want it. The bottle washing and 
sterilizing processes only last from one to four hours each day, 
and the men would rather watch the steam gage than buy the 
necessary regulators. 
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Our greatest competitor here is wood. There are many dairies 
where they have plenty of scrap wood or the children gather it 
in the neighborhood. So many of these dairymen are foreigners 
to whom a boiler is a very modern piece of machinery and they 
are afraid of boilers in general. They feel that they can trust a 
wood fire, but they know nothing of how or why gas burns and 
so they prefer the cheap or free wood. Time and convenience 
mean little to this class of dairyman anyway. 


A number of the automatic boilers designed for gas have been 
tried in dairies here and have proved unsatisfactory tn many cases. 
When the demand for steam comes in sterilizing they generally 
take all the boiler can produce for a short while. It causes the 
boiler to be fired full blast several times a day, and always twice 
a day from a cold boiler. After a few months the tubes pull loose 
and develop leaks. The burner capacity on these boilers is gen- 
erally all that the boiler can stand anyway, and the fluctuating 
loads and negligent treatment they receive from most dairymen 
is too much for them. 


On the other hand the more sturdy boilers with larger flues 
have given very little trouble when gas fired. These boilers seem 
to be rated lower for their size than the automatic kind, and will 
give more steam per rated horsepower. They are also cheaper, 
which probably accounts for their general use. We find that a 
large ring burner with sufficient air mixers, and proper orifices 
to handle their load, is the best burner for the upright boilers. 
This burner should be set low in the fire chamber, to give plenty 
of combustion space between the burners and flues. It is best to 
set the burner down near the bottom of the water leg if there is 
room underneath for the gas pipes to the burner. The air mixers 
should be set horizontally just outside the boiler setting at the 
bottom where they are readily available for adjustment. These 
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boilers with the 2-inch flues can stand the rough treatment they 
receive in the hands of the dairymen. Hard firing when the boiler 
is cold, or the injection of cold water in the hot boiler does not 
strain them enough to cause leaks. The fuel bill may be a little 
higher, but their repair bills are less and their initial investment 1s 
small. The boiler is so simple that most dairymen feel confident 
they know how to run it and we have always had good results 
in converting these boilers to gas. 


The dairy boilers ranging from 10 to 15 horsepower are gen- 
erally the horizontal return tubular type, with a steel shell firebox 
which is firebrick lined. We have found that the best method of 
firing these is to remove the grates and line the lower front part 
with firebrick, and then place a small blast type burner in the 
lower door. The back support which held up the grates should 
be protected with firebrick and it offers a sort of baflle wall which 
throws the heat up towards the boiler shell. This blast type 
burner generally requires about 2 pounds gas pressure for proper 
operation. If this pressure is not available it may be necessary to 
invest more in burner equipment and buy large rectangular burners 
with air mixers, and fill in the space taken up by the grates with 
them. These boilers can readily be made automatic with a steam- 
gas regulator. The larger dairies which have these larger boilers 
are generally much easier to convert to gas and to make automatic 
than the small dairies with only a three horse boiler and six chil- 
dren to scout wood. 


In these small boilers a good draft is necessary. Generally the 
firebox is none too large and in order to get a good blue flame it 
is necessary to supply ample primary air through large air mixers, 
and have plenty of draft to eliminate any lazy yellow flames. The 
stack should be tall enough to pull a good draft and it should have 
a damper so it can be controlled, or a low fire may be pulled off 
the burners by the draft. Of course, too much air is inefhcient, but 
the efficiency drops off much more slowly with excess air than in 
the case of incomplete combustion. 


In all cases of conversion from another fuel we try to have the 
boiler overhauled, or at least have the tubes cleaned. Soot is about 
as good a heat insulator as asbestos, and it certainly doesn’t pay 
to have any in the flues. With proper burners the flues should 
remain absolutely clean with gas fuel. Lime on the inside of the 
boiler is another good insulator and should be removed periodi- 
cally. This is really at the bottom of many of our “poor heat con- 
tent” gas complaints. 


Selling small boiler gas loads in industrial plants is mostly an 
individual problem in each case and an investigation of the pecu- 
liar characteristics of each job is necessary. A field not previously 
mentioned is the auto cleaning racks where steam is employed. 
The main thing to watch here is to install a boiler which is ade- 
quate for the demand or continual overloading will cause trouble. 
Automatic control is almost necessary for these. 


Small boiler installations will give very little trouble if the 
boiler is large enough for the job and the burners are properly 
installed and adjusted. They are a very profitable source of reve- 
nue, and another of their good features is the encouragement they 
offer to industrial sales in general. One good job encourages 
another. 


BOILER CONVERSIONS* 


HE use of the proportional mixer is a subject familiar to most 
gas men, particularly to those interested in industrial work. 
But even if one is thoroughly acquainted with the premix 
burner, a slightly different application of the same old principles 
and equipment will very likely be of interest. 

This report covers briefly a use of gas that might be considered 
of a special nature and one that has aroused considerable interest 
in recent months; that is, the conversion of small high pressure 
boilers with manufactured gas. The same saving would hold good 
with natural gas although the necessity for high efficiency in many 
cases may not be quite so pronounced. 


Work in this field in our company has also been a source of con- 
siderable increase in revenue and has resulted in the development 
of a very satisfactory control for use in bake ovens, metal pots, 
and other installations requiring close regulation. 


Although we have found that converting appliances from solid 
fuel to gas may not be considered the most satisfactory means of 
increasing the industrial load, there is a definite field for con- 
versions in the small industrial boiler, and while it is far more 
satisfactory to sell and install standard gas-fired equipment, it is 
often very difficult to make the replacement of a solid fuel boiler 
with a new gas-fired one. 


This is due primarily to the initial expenditure necessary for the 
gas equipment and the allowance required on the old equipment 
which must be junked after it has been received. In some cases it 
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may be possible to make a conversion of the old boiler with stand- 
ard factory-made premix burner equipment, but usually the con- 
struction of the boiler and the operative requirements are such that 
this also is not feasible, particularly where high pressure steam is 
to be used. 

Most of the boilers that we have converted are of the type that 
cannot readily be fitted with the standard boiler equipment; con- 
sequently, after some little experimenting and testing we have de- 
veloped what we consider an installation that. will have ethciency 
and cost of operation comparable to a premix gas-fired boiler, with 
equal facility in operation. 

This seems like a slightly exaggerated statement, but tests on jobs 
that have been in operation for a considerable length of time in- 
dicate that the efficiency is even higher than is the case with some 
gas-fired boilers. 

Although it does not appear that the application of gas to a solid 
fuel boiler would be particularly difhcult there are a number of 
features of construction and operation encountered that require 
very careful consideration. For example, it is necessary to install 
very rugged and durable equipment, which to eliminate the neces- 
sity for a fireman, should be practically automatic. The burner 
and control must necessarily be fool-proof and simple, easily re- 
placed or repaired, and should have a high combustion efhciency. 

In the design of the conversion equipment we have incorporated 
full automatic control, including: 


(1) Steam pressure regulation. 


(2) Automatic air gas mixture control and idling or low turn- 
down. 


(3) Water level control, in this way eliminating all manual 
operation except lighting up of the burner and starting the boiler. 

Each installation is also given particular attention from a safety 
standpoint. All boiler shells must be inspected and bear the in- 
spector’s stamp before premix or blast burner equipment is in- 
stalled. Care is also taken to protect the boiler shell from direct 
impingement of the high temperature flame developed. This is 
done by means of refractory which serves a double purpose. While 
it prevents direct contact of the high temperature combustion prod- 
ucts on the water leg or the shell of the boiler, it also acts as a 
radiant bed distributing the heat evenly by radiation and conduc- 
tion in the firebox and on to the crown sheet, and effecting a high 
transfer of heat to the shell at this point. 

In this way products of combustion are reduced in temperature 
to such an extent before reaching the boiler tubes that the limited 
tube surface is sufhcient to afford a reasonable temperature in the 
stack. 

In this connection, it is important that too high a transfer is not 
obtained through .the walls of the firebox, either by conduction or 
radiation, and particularly in spots because of possible blistering 
of the shell as a resu:t of poor water circulation. 

It is also absolutely essential that the burner nozzle be protected 
from burning and that all air circulation other than that supplied 
through the burner be sealed off. This prevents corrosion of the 
boiler surfaces and increases the efhciency. In order to accomp!ish 
this effect, we use only one type of cement lined burner for all 
boiler jobs, but attach a specially constructed refractory lined tun- 
nel box to the door of the boiler through which the burner fires. 
These tunnel blocks we build to fit each separate boiler. In this 
way we can cement up all cracks except the lighter hole which may 
be plugged after the burner has been lighted. 


It has been found more satisfactory to maintain a holding or 
minimum flame on the burner than to attempt to maintain a pilot 
lighting system or auxiliary burner. To do this it was necessary 
to develop a burner with a turn-down of at least 10 to 1. In some 
cases a turn-down of as much as 25 to 1 has been obtained on the 
same burner, thus eliminating all chance of outage due to cutting 
the gas flow. 


While a spark plug may be used for igniting the burner it 1s not 
necessary and not as satisfactory as a gas lighter with a flexible 
connection, through which a jet of gas may be thrown into the fre- 
box. 

There are two major difficulties encountered in this conversion 
work: 

First, the variation in the construction of boilers of the same 
capacity, having different sized doors and different depths of fire- 
boxes, variation in the position and size of openings, and in the lugs 
by means of which the burner equipment may be supported. Under 
these conditions, it is necessary to lay-out the refractory lining, 
burner tunnel and attachments for each separate job. 


Second, it has been found that a large number of the solid fuel 
boilers are greatly over-rated and operating at a very low efhci- 
encv. In a case of this sort it is advisable to install a larger boiler, 
since it is essential in order to obtain a high efhciency, that the 
boiler is not too greatly over-rated. At best the heating surface ts 
low in these boilers. 


The work handled by a boiler operating at a high over-rating 
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Fig. 1. Waste heat boiler, forge works. 


with solid fuel can often be done at a lower cost with a conversion 
burner installation in a boiler of the proper rating. In Portland 
we are able to obtain, at a very low price, well constructed second- 
hand solid fuel boilers which will give satisfactory operation with 
the conversion equipment. And since the construction of the burn- 
ers and control is fairly simple and broken or damaged firebrick 
may be used for the refractory firebox lining, cost of the installation 
is very reasonable. 


The burners used in the installation are of a special nozzle mix- 
ing type, alundum cement lined and firing through a refractory 
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Fig. 2. Multnomah Creamery, converted boiler. 
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tunnel. Gas governor and air governor may be either of the Zero 
regulator type, or if properly balanced may be the ordinary low 
pressure governor closing from the weight of the valve. 

It is necessary to use two governors or a combustion governor 
if the steam pressure is used to control] the operation of the burner. 
The proportional mixture of gas and air is set by means of valves 
in the pipe lines, and once set need not be readjusted. 


The control mechanism is throttling in its action rather than 
quick or snap acting. It will mantain a flame to hold constant the 
steam pressure regardless of the demand, within the capacity of 
the boiler and burner equipment. 


It has been found that this same mixture control may be used to 
advantage on small forges, lead and zine and brass pots, incinera- 
tors and other equipment of this type because of its non-backfiring 
characteristic. This is a particular advantage in bake oven equip- 
ment since a very low turn-down may be maintained without ex- 
tinguishing or backfiring the burners, and a throttling action af- 
fords a much more uniform baking temperature. It is not so im- 


Fig. 3. Campbell Cannery, converted boiler. 


portant in larger forges or furnaces and does not give quite so 
intense a heat as a premix nozzle. However, it has been used to 
advantage on forges burning in the neighborhood of 3,000 to 4,000 
feet of 570 B.t.u. gas per hour at temperatures ranging from 1400° 
to 2600° F. In this connection it should be kept in mind that the 
gas used in these burners is manufactured gas with high hydrogen 
content and a very high flame velocity, allowing combustion of 
large quantities of gas in a relatively small space. 


There are a number of photographs included taken from boiler 
installations of varying horse power. 

Fig. 1 shows two waste heat boilers and forge installations. The 
boilers of 20 and 30 h.p. are installed to utilize the exhaust from the 
forges and to operate trip hammers for forging the steel. Both are 
equipped with auxiliary gas burners and with automatic steam and 
water level control. In this particular installation we have the ef- 
ficiency from an actual test, both before and after insulating the 
boiler. Efficiency before insulating was 52 per cent and after in- 
sulating was 57 per cent, which is reasonable considering the radia- 
tion from the furnace and boiler base. Gas consumption on these 
two boilers and forges at full rating is 9900 cu. ft. per hour total; 
5900 ft. on the larger at an over-rating on the boiler of about 60 
per cent, and 4000 ft. on the smaller boiler. Each boiler operates 
a trip hammer and is giving very satisfactory operation. 

Fig. 2 shows a 15 h.p. boiler installed in a creamery, the steam 
which is used for pasteurizing, water heating, sterilizing, etc. The 
customer is well satisfied with this installation, both from a cost 
and operating standpoint. 


Fig. 3 shows a 20 h.p. boiler installed in a cannery. This boiler 
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uses 1700 cu. ft per hour and is giving satisfactory operation. 


We have made to date nine installations of this type on boilers 
varying from 5 to 50 h.p., some of them over-rated as much as 
70 per cent, and have obtained efficiencies varying from 70 to 75 
per cent. 

The estimated total gas consumption of conversion jobs for a 
month is to the customer in the neighborhood of 4,740,000 cu. ft. of 
gas at an approximate average cost of 35c per thousand. This, of 
course, varies with the size and type of installation. 


We have had one or two partial failures due primarily to un- 
satisfactory boiler construction. For example, we attempted to fire 
at a high over-rating a boiler in which the firebox had no water 
leg and which was installed with an exposed smoke chamber at 
the back. The overall efhciency obtained on this particular in- 
stallation was only 55 per cent. However, the customer’s main 
complaint was not the cost of the gas consumed but that the boiler 
would not deliver sufhcient steam to supply his demands. ‘The 
boiler is still in use but very likely will be replaced with a larger 
one. 

In many cases these boilers will not operate as cheaply with gas 
from a fuel standpoint alone as they will with other fuels, but 
when the additional convenience is taken into consideration the 
total cost of operation of small boilers is less with gas than with 
solid fuel, providing the customer is operating at capacity and does 
not have time to operate a solid fuel boiler with his regular help. 
Even if the boiler can be operated in this manner, labor can be 
more profitably employed than firing a small boiler. 


INSULATION * 


VERY sale of gas as an industrial fuel involves the discus- 
sion of an economic problem. The cost of the B.t.u.’s, the ease 
of application and operation, and the improvement in quality 

of product and working conditions in the vicinity of the apparatus 
all are factors in making the sale. Insulation has a very direct 
bearing on each of these factors and can be used effectively in 
promoting the sale. To do so, a proper understanding of its func- 
tion, economic worth and application is necessary. 

The function of insulation in connection with the design of anv 
apparatus involving the use of heat is to do one or both of the 
following: 

(1) Prevent the loss of energy by radiation, and (2) make it 
possible to produce or control the operating conditions desired. 

The first is generally accepted as the most important function. 
The cost of insulation is generally easily justified, and in most cases 
the entire amount will be returned to the purchaser in saving of 
fuel within a period of from four months to two years. In-many 
processes, however, uniformity of temperature control is just as 
important, if not more so, than the cost of the heat loss. In such 
cases the insulation pays for itself in improved quality of finished 
product or decrease in loss of product due to imperfections, etc. 

There are other indirect economies attributable to insulation, 
but not commonly accredited to it. One is the decreased cost of 
maintenance of apparatus. This is particularly evident in fur- 
naces where refractories are backed up by insulation. Also metal 
surfaces that must be kept painted or otherwise maintained in 
presentable condition or which would be destroyed by corrosion 
if not properly protected. In addition to the above advantages, 
all of which pertain to physical apparatus, there are many installa- 
tions where the results obtained from proper insulation have a 
very material effect on the quality and quantity of effort expended 
by the personnel. ‘This qualification is receiving more and more 
attention daily by concerns who are watching the efhciency of 
labor as well as apparatus, 

In Appendix No. 1 of this report are listed a number of the 
most common materials used for insulating purposes, together with 
a little data setting forth their relative merits. 

Adaptability, permanency and cost all must be considered in the 
choice of a material for a particular purpose. 


Properties: 


The first quality that an insulating material must have is resist- 
ance to transfer of heat. This is commonly expressed in recipro- 
cal form and as such is known as conductivity. Conductivity is 
normally expressed as the number of B.t.u.’s that will pass through 
one square foot of material 1 inch thick per degree temperature 
difference per hour. The lower the conductivity of a material, 
therefore, the better it is as an insulator. 

Another important quality that an insulating material must 
possess is the ability to resist the temperature to which it will be 
subjected. Obviously a material that will break down at or 
above 250°F. should be used only under conditions where it is 
known that the temperature will not reach that point. 


* Report of Sub-Committee: Guy Barker, Chairman, Johns Manville; J. H. 
Gumz, P. G. & E. Co.; J. H. Knapp, Jas. H. Knapp Co.; Walter Lind, 
P. G. & E. Co. 
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Fields: 

There are four general divisions into which insulating materials 
may be classified. ‘They are: 

1. Cold or Refrigeration—from the lowest temperatures attained 

up to say 60°F. 

2. Low—60'F. to 212 F. 

3. Moderate—212 F. to 600 °F. 

4. High—600°F. to 2500°F. 

In the first classification the function of the insulation is to 
exclude heat rather than to retain it. The application of gas for 
industrial purposes in this field is remote, although the Electrolux 
unit is not very far removed from it. 

A very large number of materials fall into Class 2. In general 
they are organic in nature and therefore will not withstand tem- 
peratures much above the boiling point of water. Many of them 
have a very low conductivity but they do not find universal appli- 
cation because they possess objectionable properties that offset the 
advantages of low cost or adaptability. 

In the moderate temperature field there are quite a large num- 
ber of materials from which to choose. They consist generally of 
mineral substances which contain water of crystallization. This 
water of crystallization is driven off at from 250 F. to 800 F. 
Some materials that are excellent for insulating purposes in this 
field and which will resist much higher temperatures do not find 
application in the high temperature field however, because their 
physical nature is such that their conductivities become relatively 
too high. This applies particularly to materials made up exclu- 
sively of fibres. In the fourth or high temperature field there are 
relatively few satisfactory materials. They are all mineral in 
nature and in general have diatomaceous silica as their base 
They find application in the moderate temperature field as well 
as in the high. 

Beyond the 2500°F. point heat resisting materials are classed as 
refractories and their choice is determined more from that stand- 
point than for their resistance to heat transfer. 


Economics of Insulation: 

There is much published data giving conductivities of the 
various materials. Manufacturers of insulating materials have 
developed tables of efhciencies for various thicknesses and com- 
binations thereof. In ordinary practice it is easier to refer to 
these tables than to make original calculations of losses and sav- 
ings. However, it is relatively an easy matter to calculate what 
the heat losses and savings will be under certain definitely known 
conditions. ‘The formulae for making such calculations differ for 
different combinations of materials and for different shapes of 
surfaces. Several formulae that will meet conditions ordinarily 
encountered are given in Appendix No. 2 to this report. 

Perhaps the most valuable use for accurate data on heat transfe 
in connection with insulation is in the calculation of the thickness 
of insulation required under various conditions for most economical] 
results. This point is clearly illustrated in Figure 1.7 


*Dr. L. B. McMillan, A.S.M E., 1929 
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TABLE NO. 1—VALUES OF “a” 


Value of Heat in Dollars per Million Available B.t.u. | 


Temp. Diff. 

Deg. Fahr. 10 .20 30 40 .50 .60 .70 .80 90 1.00 
100 ... . 088 175 .263 350 438 526 613 701 .788 876 
200 ... 7 175 350 526 .701 876 1.051 1.226 1.402 1.577 1.752 
508 ....... | . ae 526 .788 1.051 1.314 1.577 1.840 2.102 2.365 2.628 
400 ..... , ae 701 1.051 1.402 1.752 2.102 2.453 2.803 3.154 3.504 
500 . a» eae .876 1.314 1.752 2.190 2.628 3.066 3.504 3.942 4.380 
600 ... 526 1.051 1.577 2.102 2.628 3.154 3.679 4.205 4.730 5.256 
700 ... ne 1.226 1.840 2.453 3.066 3.679 4.292 4.906 5.519 6.132 
800 ... a ae 1.402 2.102 2.803 3.504 4.205 4.906 5.606 6.307 7.008 
De ainsiaceoin Dict cicninan: 1.577 2.365 3.154 3.942 4.730 5.519 6.307 7.096 7.884 
1000 st ae 1.752 2.628 3.504 4.380 5.256 6.132 7.008 7.884 8.760 


Curve “m” represents the cost per year of heat loss due to radia- 
tion. Curve “n” represents the fixed charges per year chargeable 
to the insulation. Obviously the thickness of insulation at which 
the sum of these two costs is a minimum is the most economical 
thickness to use. 

For flat surfaces, the lowest point of the curve “Y” may be 
determined by the following equation: 


/ ak 
XA = Vf — Rk (1) 
b 


in which “X” is the most economical thickness, “k” is the con- 
ductivity, “b’’ is the cost of insulation per inch thickness per year, 
“R” is the sum of the resistances of all other elements in the con- 
struction, including the resistance to the transfer of heat from the 
surface of the insulation to the air, and 


Y (t.t.) M 
a= : (2) 


. 1,000,000 


in which “Y” is hours of operation per year, “to” is inside tem- 
perature, “t,” is temperature of surrounding air, and “M” is the 
value in dollars per 1,000,000 B.t.u. In Table No. 1 are given 
values of “a” for various temperature differences, various values 
of heat and 8760 hours of operation per year. The derivation of 
equation (1) is given in Appendix No. 3 of this report. 
Equation (1) applies to combinations of any number of ma- 
terials, the resistance of all but one being provided for in the 
term “R.” The physical explanation of the situation is that the 


value of the term 
ak 
b 


gives the thickness of the one material which would be required 
if there were no insulating value in the construction other than 
that offered by the material itself. If only one material is involved, 
the only deduction required is that for surface resistance. This is 
expressed as the thickness of material required to offer the same 
resistance to heat transfer as is represented by surface to air. 

The same equation may be written for cylindrical surfaces, but 
it is much more complicated—from appearances at least. 

Both equations may be graphically solved, however, as shown in 
Fig. 2.* Starting in the lower left hand corner determine the 
“Hours of operation per year.” (In the case illustrated—7200). 
Move vertically until the line representing the proper “Value of 
heat in dollars per 1,000,000 B.t.u.” ($.40) is intersected. Move 
horizontally to the right to the line representing the “Tempera- 
ture Difference” between surface insulated and air outside of insu- 
lation (350°). Move vertically to the line representing the “Con- 
ductivity of material” involved (.55 B.t.u. per inch of thickness per 
sq. ft. per hour per degree F. temp. difference). Move horizontally 
to the left to the line representing the “cost of insulation” installed 
r. 


*Dr. L. B. McMillan, A.S.M.E., 1929. 


(50 per cent discount from standard lists). Move vertically up- 
ward to the “Per cent fixed charges” (20 per cent). Move hori- 
zontally to the left to the line representing size of pipe or flat 
surface involved (take 4-in. pipe for example). Move vertically 
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to the scale representing “Economical thickness of insulation” 
(2) in.). 

This chart is really very simple and a few minutes study of 
same will enable you to solve for the economical thickness of insu- 
lation on nearly every problem encountered. 


Illustration of the Value of Insulation: 


A series of tests designed to show the value of insulation were 
performed in the Natural Gas Bureau at Los Angeles. A descrip- 
tion and analysis follows: 


A No. 305 Johnson melting pot, equipped with four gas burners 
was used in the investigation, which consisted of determining the 
relative fuel consumption of the pot uninsulated and insulated. 
The procedure in making the tests was as follows: 

The uninsulated pot was filled with exactly 300 pounds of lead, 
but before the burners were turned on, the following information 
was recorded: 

Temperature of lead—this was obtained by reading a thermo- 

couple inserted in the lead. 


Atmospheric Temperature—by thermometer. 
Reading of the fuel meter. 
Time of readings. 


The four burners were then turned full on and temperature and 
fuel meter readings taken at intervals of approximately 15 minutes 
each. At 35 minutes after the start of the test, the lead had all 
melted. ‘Two burners were then turned off, leaving one burner 
full on and the other half on. The temperature of the lead at this 
time was 660°F. Readings were taken at the same intervals until 
one hour had elapsed. From this point on, readings were taken at 
approximately hourly intervals until four hours and 50 minutes 
had elapsed when the burners were turned off and the pot allowed 
to cool down. 


Before running the second test, the metal surface of the pot was 
brushed clean and 1'%-inch thick blocks of Superex insulation (a 
moulded form of insulation composed of diatomaceous silica, asbes- 
tos, and a bonding agent) were applied to the combustion chamber 
and sides of the pot. The cracks were pointed up, and the surface 
smoothed with an insulating cement, after which the entire sur- 
face of the insulation was covered with %-inch of asbestos cement. 


After the application of the insulation was completed, the pot 
was filled with exactly 300 pounds of lead, and the same pro- 
cedure followed as in the case of the uninsulated pot. At 37 
minutes after the start of the test, the lead was all melted and at 
a temperature of 660°F. three of the burners were turned off, 
leaving ene burner full on for the balance of the test, which was 
continued two hours. 


The fuel meter and temperature readings for both tests have 
been plotted as curves; the cumulative fuel consumption and tem- 
perature readings as ordinates with the elapsed time as abscissae. 
Curves A and B represent the rate of fuel consumption and C and 
D show the temperature variation of the lead for the period of 
the tests. All data collected during these tests are graphically 
shown in Fig. 3. 


It will be noted that the rate of fuel burned and the total fuel 
consumed from the beginning of the test until the lead melted, 
slightly favors the uninsulated pot. ‘The total fuel consumed dur- 
ing this period by the uninsulated pot was 32.45 cu. ft. and for 
the insulated pot the total was 34.9 cu. ft. 


This increase, no doubt, is due to the fact that the insulation 
was not dried out before the test was started, therefore consider- 
able heat was required to drive off the moisture contained in the 
insulation. Moisture is present in considerable quantity in the 
cement finish at time of application. 


It was originally planned to dry out the insulation under heat 
but due to the press of other work at the “Bureau,” it was found 
impossible to carry out the test in this manner. 


The fuel consumption rate necessary to maintain the lead at 
operating temperature is much less for the insulated pot than for 
the uninsuiated one. The former required 24.75 cu. ft. per hour to 
maintain the lead at operating temperature as against 37.5 cu. ft. 
per hour for the latter, a reduction of 35.33 per cent. 


A comparison of curves C and D shows that a more uniform 
temperature of the lead was maintained in the insulated pot than 
in the uninsulated one. The drop in temperature of the lead in 
the insulated pot during the two-hour period after the lead had 
melted was 20°. ‘The drop in temperature of the lead in the 
uninsulated pot during a similar two-hour period was 105°. The 
point may be raised here that this drop is from a much higher 
maximum temperature. While this is true, it will be noted that 
the uninsulated pot burned approximately 50 per cent more fuel 
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than the insulated pot, while the difference in energy radiated at 
the mean temperatures of the two tests is only 7% per cent. It 
should be further noted that this temperature difference is a 
gradually diminishing quantity, and therefore, the difference in 
energy radiated under usual working conditions would also be a 
diminishing quantity. Furthermore, there is reason to doubt 
whether the rate of fuel consumption with the uninsulated pot 
would maintain indefinitely the desired operating temperature. 
The savings effected by insulation after the pot had _ been 
brought to operating temperature may be summarized as follows: 
37.50 cu. ft. 


Fuel consumption per hour of uninsulated pot 
24.25 cu. ft. 


Fuel consumption per hour of insulated pot. 


Net savings in fuel per hour. 
Percentage reduction in fuel consumption. 
Average number of hours operated per year—assumed as 2400 hrs. 
Annual saving in fuel. : : 31,800 cu. ft. 
Cost of fuel—20c per 1000 cu. ft. 

Monetary value of annual fuel savings—$6.36. 
Cost of insulation per unit should not be more than $5.00. 

The insulation will pay for itself in less than one year including 
charges for depreciation and interest on the investment. 

While we realize that the tests were not very extensive, the 
results clearly show a direct saving in fuel. Refinements in tem- 
perature control and fuel consumption measurements would alter 
results somewhat, but the probability is that they would favor 
insulation rather than discredit it. 
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A pplication of Insulation: 


The application of insulation to apparatus is purely a construc- 
tion problem. Materials are furnished in many different forms, 
namely: Sheets, blocks, sectional pipe covering, segmental shapes, 
flexible sheets, moulded shapes, cements and powders. On most 
jobs combinations of two or more forms are required. ‘The selec- 
tion for a particular case must be determined by conditions en- 
countered. It would be impossible here to give even a meagre 
summary of specifications that are today considered standard 
Manufacturers of this class of materials have prepared engineer- 
ing data showing in complete detail how their various materials 
can be used. Likewise they maintain engineering staffs who are 
available for consultation as to most satisfactory recommenda- 
tions, costs, economies, etc. 


Conclusion: 


Modern scientific plant management requires efhciency in al! 
phases of its operations. In addition to the returns on investment 
due to the actual saving of energy, insulation plays other im- 
portant parts in this efhiciency program. It makes it easier in all 
cases to control operating conditions. This might take the form 
of maintaining a high temperature at a given point. It might be 
the maintenance of a uniform temperature throughout a certain 
piece of apparatus. it might be the improvement of working 
conditions so that the efhciency of employees can be stepped up. 
We only hope that the information given above will facilitate 
the application and sale of gas for industrial purposes. 
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APPENDEX NO. 1 


CONDUCTIVITY 


THERMAL 


TABLE NO. I. 


M: aterial 


Kapok, hollow vegetable meats lsotaiie: pac bed 
Cotton, loose. 

Pure Wool. 

Wool Felt, flexible pape r stock. 


Corkboard. No artificial binder used. Low density... 


Same—more dense : 

Corkboard with bituminous binder 

Peat (‘‘Turfmull’’) exceedingly hygroscopic. 
25 to 30% moisture from air..... 


Absorbs 


Planer Sh: avings, various 

Sawdust, various..... 

Ceiba Wood, across grain, untreated. | 
Balsa Wood, across grain, light, untreated. . . 
Balsa Wood, heavy....... 
White Pine, across grain.. . 
Mahogany, across grain. 
Oak, across grain...... 
Maple, across grain... . 


MATERIALS CONSISTING OF VEGETABLE 


k* 


238 

3237 
2613 
363 

2497 
2562 
2628 


. 2693 
.2759 
. 2888 
. 3020 
. 302 

.3513 


. 363 
.419 
.363 
. 564 
.4063 
.4063 
.328 
.3105 
O81 
. 184 
. 900 
.016 


OF 
~ Density ~ Conductivity 
Lbs./c.f. at °F. 

0.874 68—104 Q. 
1.31 50-212 0. 
4.99 S6 0. 
20.6 S6 QO. 
32 0. 
50 Q. 
65 Q. 

6.9 S6 0 
104 0 

140 0 

176 0 

9.98 S6 0 
15.6 86 0 
11.85 122 0 
11.85 77 0 
12.17 104 0 
12.17 68 0 
8.74 S6 0 

11.86 86 

7.05 S6 0 
7.05 SO 0 
20.6 0 
31.2 86 0 
34.3 86 0 
38 .0 S6 l 
44.3 86 ] 
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Temp. Ra nge 


50-150 


400-100 


400-100 
400—100 


(dry) 
(damp) 
(dry) 
(damp) 


Bureau 


MATTER 


Authorit v 


— 


of Stand: irds 


Randolph 


Bureau 
Bureau 


Bureau 


Bureau 
Bureau 


Nusselt, 


of Standards 
of Standards 


of Standards 


of Standards 


of Standards 


1908 


(Sphere) 


Bureau 
Bureau 
Bureau 
Bureau 
Bureau 
Bureau 
Bureau 
Bureau 
Bureau 


of Standards 
of Standards 
of Standards 
of Standards 
of Standards 
of Standards 
of Standards 
of Standards 
of Standards 


TABLE NO. 2. THERMAL CONDUCTIVITY OF MATERIALS COMPOSED MAINLY OF MINERAL MATTER 
Density Conductivity 
Material Lhs./c.f. at °F. k* Temp. Range Authority 
Mineral—Loosely POCKed..... 2... ue eee 12.0 86 0.2614 100—1000 Bureau of Standards 
(Slag) Wool-Medium packed..................... 12.5 86 0.2760 
Mineral Wool. Felted in blocks. Heat flow pe rpen- 

I ka 18.1 86 0.2875 100—1000 Bureau of Standards 

Miner: ¢ ll, RR tes ers 21.2 86 0.2961 100—1000 Bureau of Standards 
“Rock Cork’? Mineral Wool binder and wate rproofing, 

nN ae ee es 15.6 86 0.328 400—100 Bureau of Standards 
Asbestos Sponge-felt, asbestos paper layers, 41 per inch 0.272 100-700 Randolph 

thickness, enclosing finely ground sponge; dried at 50-212 

Se or NGS oe b reee Ee ys 6a ei < 50-392 0.3143 
Same without drying...... 23.7 158 0.468 100—700 Me Millan 
Asbestos paper, built up of thin lay ers, with organic 

IIE IAS ATE CR TR ey RT koa 31.2 86 0.494 100—500 Bureau of Standards 
Magnesia 85%, and asbestos 15%, rigid. 19.3 86 0. 500 100—600 Bureau of Standards 
Air Cell corrugated asbestos paper, enc losing air spa ACS ; 

I ee ee Gai a eae 8.74 86 0.4355 100-300 Bureau of Standards 
Same l inch thick.............. | 8.74 86 0) . 494 100-300 Bureau of Standards 
Insulex, blocks of asbestos and plaster, very porous... 18.1 86 0. 564 Bureau of Standards 
a ae Gs Ss oS os re OC es SE 29.4 86 0. 900 Bureau of Standards 
Fire Felt roll, asbestos sheet, soft flexible. . . 26.2 86 0.596 100-800 Bureau of Standards 
Asbestos, white fluffy fibres. 3 3.56 59 0.436 Bureau of Standards 
Asbestos Mill board; pressed asbestos, moderately 

EO os Ce ua eek soe e hires Pie ee eeu | 60.5 86 0.843 100—400 Bureau of Standards 
Asbestos wood; asbestos and cement, highly com- 

pressed; very hard, Migid................... 123.0 86 2.70 Bureau of Standards 
“‘Sil-O-Cel” diatomite, in powder form 10.6 86 0.308 100—1600 Bureau of Standards 
Diatomaceous earth.......... 212 0.532 Bureau of Standards 
(Kieselguhr) pow der 21.85 392 0.597 100—1600 Bureau of Standards 
Calcined ‘‘pink”, dry rot fe 572 0.629 
“Sil-O-Cel” diatomaceous earth natural blocks....... 28.1 86 0.5805 100—1600 Bureau of Standards 
“Sil-O-Cel”’ C-22 brick, moulded diatomaceous earth. . 500 1.68 1600—2000 Hartmann, West- 
Sees es ee SIL ok ce rae c nhc adsepectee 38 .0 1500 2.11 mont & Weinland 

A. S. T. M.—1928 
‘“Sil-O-Cel Super’’ brick, molded diatomaceous earth.. 42.3 500 1.71 Hartmann, West- 
Cateinead (K at menm tetep.)...............04.. 1500 2.19 2000 to 2500 mont & Weinland 

\. S. T. M.—1928 
Fullers earth, argillaceous powder............... 33.0 86 0.697 Bureau of Standards 
Paraffine ‘‘Parowax’”’ melts at 125.6°F. . 55.6 86 1.598 Bureau of Standards 
Asphalt roofing felt sturated with “aye alt. 44.0 86 0.697 Bureau of Standards 
Gypsum plaster............. pee + aay 46.2 86 2.322 Bureau of Standards 
Sand, fine, dry... ... : 99.8 188 .2 2.146 Desvignes 
Portland cement, neat, age 18 ee Sethe ret; 124.8 95 2.265 Nausselt (Sphere) 
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TABLE NO. 2 
. - Density 
Material Lhs. /e.f. 


Plaster of Paris 

Soil, dry 

Soil, wet 

Cinder concrete, dry. . 54.3 


Concrete, gravel 9 parts, fine sand 2 parts, Portland 


Ps 3 tes aces wee eeS epee: 123.9 
Concrete, 1 Portland cement, 2 parts washed sand, 

2 parts washed gravel...... Hye USE ee ee | 136.1 

. ; o 

Concrete wall, mixture 1:2.4 thickness 3.19 inch .. 130.7% 


Slate, across cleavage 


Glass plate 2.252 inch thick 155.5 
Bricks, very porous, dry....... 44.3 
Stone, soft........ 91.75 


Bricks machine made, in 1 course wall 3.79 inch thick. 131.9 
Hollow tile, masonry............... 
dried, 6 months. 


| Concrete blocks, dry. . » 103 .6 
Limestone, fine grained, dry.... 103.75 
oO aia cia os 


Marble, block, American......... 
Soapstone, across cleavage 
Thickness of sample 0.715 inch 


Firebrick, average values for various American brick 97.3 
(Star Silica, Quartzite, Woodlawn) Temperatures to 119 
given are on hot side.......... 


Carborumdum brick. 


158 to 266 
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(Continued) 


Conauctivity 


at k* Temp. Range Authority 
2.033 Lees & Charlton 
0.958 Lees & Charlton 
4 64 Lees & Charlton 
32 1.937 Henev 
68 2.017 
194 4.444 Desvignes 
68 5.24 
73.4 5.32 Groeber (Plate) 
7.89 to 8.74 Willard & Lichty 
9.15 to 10.45 Herschell-Ledebour 
Dunn 1879 
68-212 5.64 Tavlor 
68 . ae Hencky 
59 3.47 Biquard 
3.73 to 4.55 Willard & Lichty 
OS 2.26 Groeber (cube) 
138 2.50 
68 4.84 Hencky 
Vi 1. 76 Poensgen 
14.81 to 15.98 Herschell-Ledebour- 
Dunn 
86 19.9 Pierce & Wilson 


Taylor 


bo 
* « 
© Ae 
— 
~ 
Ps 
ww 


ne 
t 


392 6.5 

752 ri B. Dudley, Jr. 
1112 S.7 Penn. State 
1472 9.7 100—2800 College. 1915 
1832 10.9 

2192 11.9 

2552 13.0 

302 9 28 LOO—2S00 W ologdine 
2128 78.4 


TABLE NO. 3. THERMAL CONDUCTIVITY OF MATERIALS CONSISTING MAINLY OF ANIMAL MATTER 


Density 


Material Lhs./e.f. 
Hair Felt, heat flowing across fibres... . 16.88 
| Wool Felt, heat flowing across fibres... . 9 36 
“Keystone” Hair Felt and other fibres, conbined with 
building paper, flexible.......... 18.72 
Me eres vc a pee re ae ZU 
Leather, sole. ... | 62.4 


*k is expressed in B.t.u. per square foot per hour per inch per F. 


APPENDIX NO. 2 
Case I. Simplest Heat Transfer Equation, Flat Surfaces: 

The resistance to heat transfer is dependent upon the thickness, 
x, and conductivity, k. It varies directly as the thickness and 
inversely as the conductivity, and is equal to x/k. Therefore, 
the simplest case of heat transfer through a material having flat 
surfaces is represented by the equation, 


(1) U = 


in which U is the overall rate of heat transfer in B.t.u. per sq. ft. 
per hour, ti: is the temperature of the warmer surface and t: is 
the temperature of the cooler surface. 


Case II. One Material and One Surface Resistance, Flat Surfaces: 


Often the temperature of the cooler surface is not known, the 
known temperatures being those of the warmer surface, ti, and 
of the air surrounding the cooler surface ta. Then the rate of heat 
transfer is given by the equation 


Conductivitv 


at °F. k* Temp. Range Authority 
R65 0.247 400—100 Bureau of Standards 
104 to 212 508 50-150 Taylor 
86 2702 400—100 Bureau of Standards 
276 Lees & Charlton 
1.103 Bureau of Standards 
{ { 
( a — 
x | 
k ( 


in which c is the rate of heat transfer from outer surface to ait! 

The term x/k represents the resistance of the material in ques- 
tion, and the term I/c represents the surface resistance. 

Surface resistance is influenced by the temperature of the surtace 
the temperature of surrounding objects, the nature of the surface, 
the position of the surface, the velocity of air currents over the 
surface and many other causes. Fortunately, for the solution of 
insulation problems, the value of surface resistance is usualls 
small as compared with insulation resistance—usually less than 
25 per cent and frequently less than 10 per cent of the insulation 
resistance. Therefore, with even approximate data on surface 
resistance, such problems may be solved with a very satisfactory 
degree of accuracy. 

Case II]. Two or More Materials, Flat Surfaces: 


If heat must flow successively through two or more different 
materials, the equation takes the form, 


ky : ke k: S 


in which x:, X2, Xs, etc. are the thicknesses of the various materials 
and k:, ko, ks, etc. are the conductivities of the respective materials. 
Case IV. One Material, Cylindrical Surfaces: 

The rate of heat transfer per hour, per square foot of outer 
surface, through a single layer of uniform material on a cylindrical 
surface, when the temperatures of the two surfaces are known, is 
given by the equation 


(4) lj, = 


Te lc i e 
ry 


k 


in which t; and te are the temperatures of the warmer and cooler 
surfaces respectively, r: is the external radius of the pipe or cylin- 
der and re is the radius of the outer surface of the insulation. 


The loss per square foot of pipe surface is 
(4a) U, = x U- 


in which U; and Uz represent the rates of heat transfer per hour 
per square foot of pipe surface and outer surface of insulation, 
respectively. 
Pr. 
It will be noted that the expression r2 log. 
r} 


occupies the same position in Equation (4) that the thickness, x, 
occupies in Equation (1). In fact, this expression is frequently 
referred to, for convenience, as “equivalent thickness.” It is 
numerically equal to the thickness of material on a flat surface 
which would be required to give the same rate of heat transfer as 
that per square foot of outer surface of insulation on the cylinder 
or pipe. 

Case V. One Material, Cylindrical Surface. One Surface Resistance: 


When the temperature of the cooler surface is not known the 
equation becomes 


all terms have the same significance as in Cases II and IV respec- 
tively. To obtain rate of heat transfer per unit of pipe surface 
use Equation (4a). 
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Case VI. Two or More Materials, Cylindrical Surfaces, 
One Surface Resistance: 


ty iti Us 
(6) Ue = —— —_—— - 
Pe rs r4 
r, log —— r, log -— r log ¢ 
ry To r3 | 
k ko ks Cc 
rs 
(4) [ _ = x | Ss 
ry 


in which rs is the radius of the outer surface of insulation and U, 
is the rate of heat transfer per hour per square foot of this surface. 
Other terms have the same significance as in previous equations. 

Temperatures at any point: The temperature drop through each 
element of the construction bears the same ratio to the total tem- 
perature drop as the resistance of that element bears to the total 
resistance. ‘Therefore, since the terms in the denominator of each 
of Equations (2), (3), (5) and (6) are the respective resistances 
to heat flow offered by the individual elements in the construction, 
this form of equation lends itself very conveniently to the calcula- 
tion of the temperature at any point in the construction. 


APPENDIX NO. 3 
Derivation of Equation (1) 


Let the cost of heat loss per year = 


a 
as, 

(x/k) +R 
Let the cost of insulation per sq. ft. per 1 inch thickness per year = 

n= bx + C. 
Let y = total cost per year = 

a | ak 
m +n —— + C = —— + bx + C. 
(x/k) +R x + Rk 


Differentiating and equating the first derivative to zero: 
dy —ak 
— = ————  +b=0= —ak+b(x+Rk)? =0,or ak = b(x+ Rk)? 
dx (x+Rk)2 


Dividing through by b and extracting the square root of both terms 
Jak 
— = x+Rk 
b 
Therefore, for most economical results the thickness, 


ak 


<-4/~ — Rk 
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Odorization of Natural Gas* 


NOMPARATIVELY few improvements have been made in the 
- odorization of natural gas since the last meeting of the 
Odorization Committee held in February of this year. The 
experiences of the past few months, however, lead this committee 
to believe that under favorable circumstances odorization may 
eventually prove feasible. 

The Odorization Committee wishes to express its appreciation of 
the research investigations conducted by various members of the Los 
Angeles Gas and Electric Corp., the 
Southern Counties Gas Co., and the 
Southern California Gas Co. Their work 
has been of inestimable value in develop- 
ing equipment and procedure for the ex- 
periments conducted in connection with 
the odorization of gas and warrants the 
approbation of the entire gas fraternity. 


Introduction 


In February, 1927, straight natural gas 
was first introduced into Los Angeles and 
former mixed gas territory. This gas is 
entirely devoid of the familiar gas 
smell so long associated with mixed and 
artificial gas. The absence of an 
unpleasant odor would ordinarily be 
hailed as a further achievement in 
civic welfare, but in this instance the 
odor served a utilitarian purpose in act- 
ing as a warning against gas escaping 
from small leaks in meters, house piping 
and appliances. . 

The gas utilities operating in the Los Angeles Basin united in 
investigating the feasibility of odorizing the natural gas so as to 
enable easy detection of small leaks. Effective odorization required 
the injection of a stench that would simulate the well known gas 
smell and be easily identified as such. Research work has been 
conducted along this line since the latter part of the year 1928. 

The decision to odorize the gas created a number of problems 
that made necessary both laboratory experiments and trial field 
installations under practical operating conditions. ‘The major 
problems consisted of either obtaining or developing a suitable 
stench and then equipment capable of automatically injecting it 
into high pressure mains. 


Lee Holtz 
Chairman 


Resume of data on odorization prior to Pacific Coast investigations 


Naturally before proceeding with our own experiments every 
effort was made to obtain a complete record of previous investiga- 
tions conducted with stench and odorants. There was an astound- 
ing lack of information on this subject. Records show that per- 
haps the earliest attempts at odorization were made in about 1918 
by certain German gas utilities. City ordinances required the 
utilities to odorize their blue water gas as a means of detecting 
the CO which occurs in artificial gas. 

In this country in 1920, the United States Bureau of Mines pub- 
lished Technical Paper No. 267 dealing with “Stenches for Detect- 
ing Leakage of Blue Water Gas and Natural Gas.” ‘This paper 
presented several tables showing the physical and chemical prop- 
erties of some 24 chemicals that might possibly serve as stenches. 
Many of these were impractical for one or more reasons and nearly 
all of them were too expensive to be satisfactory for use on a large 
scale. These experiments, while of little value in themselves, dem- 
onstrated the necessity for obtaining the desired stench from some 
source other than chemicals. 

During 1929, the Union Gas and Electric Company introduced 
Ethyl Mercaptan into the mains in the city of Middletown, Ohio. 
This test covered a period of about 10 days and disclosed 720 
leaks of various sizes and types. 


*Committee Report: Lee Holtz, Chairman, So. Calif. Gas Co.; P. E. Beckman, 
P. G. & E. Co.: I. C. Hocker, N. W. Cities Gas Co.; C. E. White, San Diego 
Cons. G. & E. Co. 


The United States Bureau of Mines is now preparing a report 
covering the use of warning agents in manufactured gas to detect 
CO. This paper is based on the results of tests conducted in the 
east and middle west and is expected to be a complete treatise on 
odorizat-on. 


Selecting the Odorant 


Before selecting the odorant it is necessary to outline the gen- 
eral characteristics that a desirable odorant should possess. It 
should give off an odor resembling the artificial gas smell so that 
customers will be aware of the source of the odor. Ease of use 
and availability of supply are also highly important. 

Following is a brief summary of the necessary qualities: 

(1) Harmless and neither toxic nor nauseating. 

(2) <A penetrating odor similar to the artificial gas smell. 

(3) Non-corrosive. 

(4) Insoluble in water. 

(5) Odor must be retained by gas and not absorbed by mains 
or meters. 

(6) Burn completely without harmful or odorous products of 
combustion. 

(7) Must not set up chemical reactions. 

(8) Must be cheap and readily available. 

With these qualities in mind the research departments began 
their search for a satisfactory odorant. 


An alcohol denaturant submitted by the Standard Oil Company 
was used as the warning agent in the first local experiments. This 
alcohol denaturant was introduced into the distribution mains in 
the city of Corona, Calif. The stench was injected over a period 
of 23 days, using in that time 22% gallons of the warning agent 
to odorize a total of 6,566,000 cubic feet of gas. Although a num- 
ber of leaks were found, the odorant did not appear to be powerful 
enough to provide a definite odor. The alcohol denaturant which 
was used had a gravity of approximately 53° Be., an initial boil- 
ing point of 120° F. and a maximum of 460° F. 

After the experiment at Corona, a similar test was made at 
Highlands, Calif., with about the same results. 


A laboratory test was also made using the alcohol denaturant. 
In this test saturated gas was allowed to enter a room of 2,400 
cubic feet capacity. After a concentration of % of 1 per cent had 
been attained, several persons entered the room and detected only 
a faint odor. A concentration of 1 per cent was then introduced 
and the odor became very noticeable and potent enough to serve 
as a warning agent in case of a leak. 

In the next laboratory test a product of the Standard Oil Com- 
pany, known as “Gas QOdorizer,” was introduced into the same 
room at the rate of 2% gallons per million cubic feet of gas, and 
it was found that a concentration of % of 1 per cent gave a very 
noticeable odor. This warning agent was found to be four times 
as strong and the concentration only one-half that of alcohol 
denaturant. 


A third test was made using Ethyl Mercaptan and it was found 
that by using 2% gallons per million cubic feet a very noticeable 
odor was detected in a % per cent concentration of saturated gas. 

From these tests the “Gas Odorizer” appeared to offer the best 
stench at the least cost, and enough of this odorant was obtained 
to make a series of tests in small districts and communities. These 
tests were uniformly successful and led to the installation of an 
odorizing station at the Hollywood holder of the Los Angeles Gas 
and Electric Corporation, where it was planned to odorize the 
large volumes of gas served in Beverly Hills, the western section 
of Los Angeles and portions of Hollywood. 

For the first few months about 3.5 to 5 gallons of odorant per 
million cubic feet of gas were injected at this station. This quan- 
tity of odorant was found to create an odor strong enough to en- 
able easy detection of leaks. With this concentration, 1 per cent 
of gas in an enclosed room was easily noticeable. The ability to 
detect 1 per cent of gas in an enclosed area was considered im- 
portant in that it provided a safety factor before a combustible 
mixture was formed. As about 4 per cent of gas must be present 


Page 112 


Qn 


car ae 
a + wells Sane 


———— 
; 
; 
; 
} 
. - 


os ia 


| bi 4 
} f ; } t : Ae Pit edhe bab ek ee, 
i : } 23332: 
3} +~ — es ; $—---—-4 ---+-—-- — peng — pend > - - 
j i " 
} | } ; ; Sialitil, L4 t-+++ ; } 
; ’ ( a ie. 
2 eH iad) Pas ORE | 1 URS ERE CRS BRS CELT RAS PRAY PRS RES EL i GALLONS OF ODORA PER Fr : 
i | | | i. PREPS OEE ET FEET Bist bt ates if 
/ } 
it ——— + . > ; +--—+ ; - SS Se + ES ; 
| | | jib | | if $i 
j | | 
320 és a ‘ ——— — + ° SE > _ i fe — . + ; 


4 re ot 


’ : ; i 


oe 4-2 


a. 


_-TomAL, LEA COMPLAINTS, BY WEEK! 


| 
Se ee 


aterm 


| 

SSEEE LESS! PEC ES SSS Tt ESTE SEE 
i 
| 


<-— BTARTED ODORIZING JULY 28,)929 | | 


230 : 
> 6 7330 6 8 OT 4 
AR APR MAY 


7 


Cl i929 
24H BBM SCH NRMESEBDWDUNSHMNM! &SHSW*WwS RS *w2 S 
SEPT. OcT NOV DEC JAN FE 


> 6&ysr s 
JULY AUG B - 


Fig. 1. 


in the air in order to support combustion, this gave a protection 
factor of approximately four. 


Although this odorant was entirely successful from the point of 
its ability to imnart odor to the gas, it was found that when in- 
troduced into high pressure mains considerable condensation oc- 
curred. The Standard Oil Company’s representatives were ad- 
vised of this defect and, after further experimenting, were able 
to perfect an odor that they claimed would completely vaporize 
when injected at the rate of 3.5 gallons per million cubic feet 
into gas at a temperature of 55° F. and at a gage pressure of 250 
pounds. 


This odorant is known as “Cal-Odorant Oil No. 3” and has the 


following physical and chemical properties: 
Gravity 40.0° A.P.I. at 60° F. 
Specific gravity 0.8251. 
Weight 6.870 pounds per gallon. 
Flash below 75° F. Fire 75° F. 
Total sulphur 4.59% (bomb test). 
Acidity, none (By Method 510.2, 

Specifications). 


U. S. Government Master 


Distillation (by Method No. 100.13, U. S. Government Master 


Specifications ). 


LOS 


JUNE AUGUST SErremeerR OCTOBER 


DECEMBER 


WESTERN GAS 


First drop at 130° F. initial. 
at 209° F. 

at 256 

at 256 

at 296 

at 306 


Molecular weight 1235. 


at 328° F. 

at 342. 

at 361. 

at 384. 

at 439 maximum. 


60% 
70% 
80% 
90% 
99% 


/, 


Vapor pressure (100% vaporized) 
1.0 m.m. mercury at 55° F. 

m.m. mercury at 65° F. 

m.m. mercury at 75° F. 

m.m. mercury at 85° F. 

4.0 m.m. mercury at 95° F. 


The gallons of “Cal-Odorant No. 3” required to saturate 1,000,- 
000 cubic feet of gas at various gage pressures are shown in the 
following table: 


Gage Pressure Gallons of Odorant Required to Saturate 
Lbs. Per Sq. In. 1,000,000 Cu. Ft. of Gas (Temp. 55° F.) 
400 2.24 
300 2.94 
200 4.32 
100 8.10 
50 12.42 


Results of Odorization . 

On Tuesday, July 30, 1929, odorized gas was delivered to certain 
sections of Hollywood, Beverly Hills, the Los Angeles Wilshire 
District and the Santa Monica Bay region. ‘The stench injected 
consisted of “Cal-Odorant Oil No. 1” which is less volatile than the 
No. 3 oil now used. 

The immediate effect of the introduction of the odorant was a 
tremendous increase in the number of customer leak complaints. 
The number of complaints reached its peak on about the third day 
after the odorant was injected and then declined slightly during 
the next few days. The number of complaints appeared to vary 
in a more or less direct ratio to the quantity of stench used. This 
comparison is shown in Figs. 1 and 2. 


For the last two days of July, 1929, an average of 7.7 gallons 
of odorant was injected per million cubic feet of gas. 


In August, this was reduced to an average of 4.4 gallons per 
million cubic feet with an appreciable decrease in leak complaints. 
The average quantity injected varied from 5.9 to 3.5 gallons up 
to the first of January, 1930. During this period considerable 
condensation occurred in the drips, as shown in Fig. 3, and it be- 
came apparent that the odorant then in use would not completely 
vaporize in high pressure gas. In order to obtain sufhcient con- 
centration to produce a distinct odor at consumers’ premises, it 
was necessary to over saturate the gas. 


ANGELES GAS AND ELEGTRIG GORPORATION 
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This difficulty was remedied by the new “Cal-Odorant Oil 
No. 3,” developed by the Standard Oil Company. As this new 
odorant was more volatile it was found possible to reduce the 
quantity used to about 3 gallons per million cubic feet of gas and 
still obtain the same intensity of odor as before. This, too, re- 
sulted in less condensation, but as the new odorant was added to 
the same tank containing the old odorant a slight drippage still 
occurred. ‘The quantity of odorant injected and the corresponding 
leak complaints are shown in Figs. 1 and 2, which illustrate the 
results obtained by the Southern California Gas Company and the 
Los Angeles Gas and Electric Corporation in two typical districts. 
The average quantity of odorant per million cubic feet for each 
week is platted with the total leak complaints for the same period. 
Using a week as the unit, instead of a day, tends to eliminate 
extreme depressions or peaks and more accurately reflects the trend. 


In our local experiences to date the odorant has been injected 
into mains carrying gas at a gage pressure of about 100 pounds. 
However, in tests at Ventura made by the Southern Counties Gas 
Company and using a specially constructed tower, the stench has 
been introduced into gas at as high as 400 pounds gage pressure. 
Little or no drippage occurred with this method. 

Nearly all of the leaks reported were found to be on the outlet 
side of the meter in either the meter connections, the house piping 
or in the appliances. The intensity of the odor disclosed many 
relatively unimportant leaks in which the leakage was less than 
one-half cubic foot per hour. Gas escaping from leaks of this 
type would completely dissipate in the air without forming a com- 
bustible mixture. On the other hand, many large leaks were found 
located under houses and in other inaccessible places. With odor- 
less gas, leaks of this type are difhcult to locate except by sys- 
tematic investigation. 

While reasonably effective in detecting small leaks in appliances 
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Fig. 5. Typical odorizing set-up for natural gas. 


and piping above ground, the stench was not entirely satisfactory 
for locating leaks in mains and services. Odorized gas when 
escaping into the outside air, unless present in large quantities, is 
carried away by the air currents and does not have a powerful 
enough odor at the concentration now used to permit the detection 
of small leaks. If the main is underground the difhculty in de- 
tecting the leak is further increased as the odorant must first per- 
meate the surrounding soil. 

Possibly by increasing the intensity of the odor in certain iso- 
lated mains and then patrolling the pipe line, a stench could be 
used to some advantage in leakage work. ‘This has been tried in 
one instance and aided in discovering the leaks. 


There also exists another possible use by injecting the stench 


into new pipe lines when making the initial pressure test. Ordi- 
narily this test is made before the ditch is backfilled and leaks of 
any size could be readily detected. 

As most of the leaks have been found on the outlet side of the 
meter probably very little saving has been accomplished in unac- 
counted for gas. Unquestionably, the chief value of the odorant 
lies in the protection against leakage afttorded to the consumer. 
An intangible saving of this nature is extremely dithcult to eval- 
uate in dollars and cents and despite numerous attempts, no re- 
liable comparisons of the cost of odorizing with the savings ob- 
tained have been developed. 

The attention of those engaged in the direction of the odoriza- 
tion program is now concentrated on one of the economic aspects 
of the problem. ‘The stench, as now used, reveals many very 
small leaks that are inconsequential, but are nevertheless expensive 
to investigate. It is hoped, by careful regulation of the quantit 
of stench injected, to obtain just the proper intensity of odor to 
avoid causing discomfort from pin-hole leaks of 1/5 cubic foot per 
hour or less. This would appreciably decrease the expense of 
odorization. 


Odorization Equipment 

Economical odorization requires an automatic injecting device 
that will maintain the proportion of odorant desired per million 
cubic feet with a constantly fluctuating flow of gas. 

Several devices of this general type have been developed and 
two in particular, one designed by the Los Angeles Gas and Elec- 
tric Corporation and one designed by the Pacific Gas and Electric 
Company, appear to operate very satisfactorily. In both of these 
devices the flow of the oli is regulated by the difference in the 
differential pressure existing between the upstream side and the 
down-stream side in an orifice meter installation. 

Of the two devices, the one designed by the Los Angeles Gas 
and Electric Corporation has probably been subjected to the more 
severe tests and has been adopted for practically all installations 
in the southern part of the state. In this device the odorant passes 
through a small orifice which is connected in parallel with an 
orifice in the gas line, thus maintaining the same differential pres- 
sure on both the gas and the odorant. Fig. 5 shows the arrange- 
ment of a typical odorizing setup of the type used in larger in- 
stallations. With a constant static pressure the flow of either gas 
or liquid through an orifice is determined by the square root of 
the differential pressure. After the desired relationship between 
the two orifices is definitely established, the proper ratio of oil flow 
is automatically maintained within reasonable limits. 
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The odorization set-up consists primarily of the storage tank, 
daily supply tank and odorization assembly. In the smalier sta- 
tions only one tank is used. For the larger setups the storage tank 
has a capacity of from 1,000 to 3,000 gallons and the odorant is 
transferred to the daily supply tank either by gas pressure or a 
small hand pump. The stench then feeds by gravity into a float 
pot which is maintained at a constant level by an automatic shut- 
off controlled by a float. A gage glass makes it possible to check 
the level of the liquid in the float pot. 

A small gage line is connected to the up-stream side of the meter 
setup and to the top of the float tank, by this means maintaining 
the same pressure in the float chamber as in the up-stream side of 
the gas line. A gage line from the side of the float pot carries the 
odorant through a strainer and an orifice to a sight feed oiler 
which allows the stench to drip by gravity into the down-stream 
side of the orifice meter setup. The gas stream impinging against 
the interior of the pipe completes the vaporization of the stench. 

As before stated, the size of the orifice in the odorant line has 
a definite relation to the size of the orifice in the meter installation. 
This relationship is established by means of a short length of pipe 
of known capacity termed the calibration tube. The quantity of 
gas passed can be obtained from the orifice meter chart and the 
quantity of odorant injected by the calibration chamber. From a 
comparison of the two quantities, and knowing the square root 
of the differential pressure, it is possible to approximately deter- 
mine the size of the orifice in the odorant line required to deliver 
the desired number of gallons of odorant per million cubic feet 
of gas. Repeated test runs will verify the size of orifice selected. 


To obtain complete saturation at high line pressures of from 
300 pounds to 400 pounds, it has proved desirable to mount the 
odorization assembly on top of a short tower filled with small 
round rocks about 2 to 3 inches in diameter. The odorant drip- 
ping on the rocks is broken up into a fine spray and forms a film 
over the surface of the rocks, thus exposing a large area for ab- 
sorption by the gas passing through the tower. 

This device was designed by the Southern Counties Gas Com- 
pany and hasbeen used very successfully in odorizing gas at 
Ventura for delivery to Santa Barbara. 


For a small installation the tower can consist of a 12-foot length 
of 12-inch pipe. Passing the gas through the tower results in a 
slight pressure loss but at its maximum does nut exceed 5 pounds 
gage pressure. 

While the odorization equipment developed by the Los Angeles 
Gas and Electric Corporation has been very satisfactory in han- 
dling large volumes of gas, it was believed that perhaps a cheaper 
and less complicated device could be designed for smaller installa- 
tions. With this in mind, a number of tests were made with a 
wick device that depended on the evaporation from the surface of 
the wick as the medium for introducing the odorant into the gas. 
Although it was found possible to saturate the gas by this method 
it proved very difficult to accurately regulate the quantity of 
odorant injected. Further laboratory experiments are being carried 
on with this device, but to date it has not operated with a sufhcient 
degree of accuracy to warrant a trial installation. 

Tests have also been made with a carburetor device that, from 
preliminary results, appears to have practical possibilities. A com- 
plete report of the tests on this equipment will be available soon. 


Future Odorization Program 


The successful odorization of gas at Ventura for delivery to 
Santa Barbara, a distance of some 30 miles, has demonstrated 
the possibilities of odorizing gas in the production fields or at 
strategic points along the transmission lines for eventual consump- 
tion at distant distribution centers. By this means the number of 
odorization stations can be kept at a minimum with a correspond- 
ing economy in operation. Some small stations will, however, be 
necessary in certain sections in order to avoid odorizing gas served 
to large industrial districts. As odorized gas is not required for 
industrial purposes, arrangements have been made to serve un- 
odorized gas in certain sections with an appreciable saving in cost. 

From actual installation costs it now appears to be possible to 
erect an odorization station with a 1,000 gallon supply tank for 
about $750. On the basis of 3 gallons of “Cal-Odorant Oil No. 3” 
per million cubic feet, the cost of odorization would be about 
$0.000825 per thousand or less than one-tenth cent. 

While the cost of the odorizing station and the stench is the 
first cost, there also exists the cost of investigating the increased 
number of complaints. It is possible to absorb a great deal of 
this increased work with the existing operating force, although 
for different companies this cost will vary considerably. Some 
companies use only one man on complaint order work while leak 
crews in other companies consist of as many as three men. 


In conclusion, it is the opinion of this Committee: 


(1) That the stench is of little or no assistance in locating leaks 
in transmission and distribution mains. 
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(2) That it is reasonably effective in locating leaks on the 
consumers’ premises. 

(3) That odorization equipment and odorant have now been 
developed to a point where they can be regarded as past the ele- 
mentary stage, but still subject to considerable improvement. 

(4) That “Cal-Odorant No. 3” will carry through the mains 
for 30 to 40 miles. 


Organic Sulphur* 


HIS committee has been requested to enlighten the members 

of the Pacific Coast Gas Association as to progress that is 

being made towards eliminating organic sulphur compounds 
from manufactured gas. 


In order to do this, we felt the necessity of presenting data and 
comments pertaining to: 


1—Total organic sulphur in gas distributed at Portland, Oregon 
and San Diego, California. 


2—Approximate proportions in which these sulphur compounds 
exist in oil gas. 

3—Reasons that may make it advantageous or necessary to re- 
move sulphur compounds from gas. 


4—Methods of removal. 


5—Conclusions drawn by the committee based on data and com- 
ments presented herein. 


Average total organic sulphur in gas distributed at Portland, Ore. 
and San Diego, California. 


S. C. Schwartz, Chief Chemist, Portland Gas & Coke Co., ad- 
vises that the organic sulphur content of gas at Portland, after 
the oil scrubbers, varies from 8 to 20 grains per 100 cubic feet. 

Vernon H. Halstead, Chairman of this Committee, and Asst. 
Chemist, San Diego Consolidated Gas & Electric Co., advises that 
the organic sulphur content of gas as distributed at San Diego, 
varies from 13 to 17 grains per 100 cubic feet. 


Organic Sulphur compounds encountered in oil gas at Portland 
and San Diego. 


S. C. Schwartz advises that he has made positive identification of 
carbon disulphide and thiophene in gas at Portland. He also 
found evidence of other unidentified sulphur compounds. Carbon 
disulphide apparently existed to the extent of 75 to 90 per cent 
of total sulphur in rich gas and to average about 85 per cent of 
the total sulphur in lean gas after light oil removal. 

Vernon H. Halstead found that carbon disulphide was present 
to the extent of around 90 to 95 per cent of total sulphur in gas 
manufactured at San Diego. The tests were made on system gas 
after purification, including scrubbing to remove naphthalene. 


Reasons for Removal of Organic Sulphur from Manufactured Gas. 


Let us consider first the effect sulphur may have on our cus- 
tomers both from a physiological and monetary standpoint. 

With gas being sent out containing less than 20 grains per 100 
cubic feet, the physiological effect may be considered of little 
importance. 

K. L. Dawson (1) says, “Halifax experience indicates that odor 
complaints traceable to the quality of gas practically disappear 
when the sulphur is kept below 35 grains per 100 cubic feet.” 

S. C. Schwartz believes that in connection with unvented space 
heaters, the concentration of water vapor and carbon dioxide in 
the flue gases accompanied by more or less “smell,” and carbon 
monoxide will have a much greater physiological effect on a human 
being than a trace of sulphur dioxide. 

The organic sulphur committee report for year 1929,+ contains 
some interesting and valuable data from the standpoint of quantity 
of sulphur in products of combustion from burning gases con- 
taining varied amounts of sulphur. 

The sales manager of one of the large northeastern coal gas 
plants says, “The corrosive action of the products of combustion 
of coal gas increases with the quality of sulphur which it contains.” 
Based on experience he has had he further advises that the larger 
the quantity of sulphur in the gas the larger the quantity of copper 
sulphate which appears on the exterior of the copper coil in the 
ordinary tank water heater. Ordinary gas ranges seem to last 
as long in Halifax as they do in natural gas districts. 

Dr. Wilbert J. Huff (2) refers to a paper by Storrey (3) on the 
corrosion of gas ranges. He brings out the fact that corrosion 
from burning high sulphur fuels is especially bad. 


*Report of Committee: Vernon H. Halstead, Chairman, San Diego Cons. G. & 
E. Co.; S. C. Schwarz, Portland Gas & Coke Co.; D. R. Hiskey, So. Calif. Gas. Co. 
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A. T. Andrews and E. A. Hertzel (4) say sulphur dioxide as a 
constituent of the furnace atmosphere has a distinct and unde- 
sirable effect on enamels. 


Conclusions Drawn by this Committee from the Standpoint 
of Gas Utilization. 


The chairman is inclined to views of Dr. S. P. Burke, chairman, 
Chemical Committee of the American Gas Association, who in a 
communication dated February 28, 1930, says, “Generally speak- 
ing, it would of course be desirable to completely remove the 
organic sulphur from gas. Except for certain special uses such as 
the manufacture of optical glasses or certain enamels, complete 
removal is not necessary. For most purposes for which gas is 
used, complete removal is neither desirable nor necessary under 
present costs of removal. That when the use of gas in a certain 
few instances necessitates complete absence of sulphur compounds, 
special provisions can be made at the customers plants to remove 
all the sulphur from the gas. 


Internal Corrosion of Mains and Services. 


Dr. J. F. G. Hicks (5) found that internal corrosion is very 
common, when carbon disulphide and ammonia are allowed to pass 
into the distributing system, due to interaction between the two 
producing corrosive compounds. 

Blake (6) says that carbon disulphide has corrosive action on 
iron and steel. That the presence of water vapor is necessary to 
facilitate corrosion and it is most pronounced at the dew point 
of the gas. 

Dr. Wilbert J. Huff, Professor of Gas Engineering, The Johns 
Hopkins University, states by letter dated April 23, 1930, “Carbon 
disulphide and thiophene are probably not corrosive of themselves. 
The corrosive action of mercaptans is questionable, since this class 
of compounds reacts rather readily with metallic oxides under some 
conditions. To my knowledge, the matter has unfortunateiy not 
been investigated sufficiently “to state positively whether or not such 
mercaptans pass condensers or purifying systems so no definite 
opinion can be formed. Evidence accumulated in researches re- 
ported by Taplay in England shows that carbon disulphide and 
possibly other organic sulphur forms, decompose to give fixed sul- 
phur salts which are very corrosive.” 

Dr. S. P. Burke in a communication dated March 18, 1930, says, 
“IT think there can be no doubt that either carbon disulphide or 
mercaptans can, in the presence of water vapor and/or small 
amounts of oxygen which usually exists in gas, act as corrosive 
agents towards the gas mains. To what extent corrosion will be 
caused thereby, I cannot say, but there is little doubt, I think, of 
this possibility. In the absence of water vapor or oxygen, I am 
inclined to believe that none of the compounds you mention would 
be corrosive to gas mains. It is also my opinion that thiophene 
would probably not be corrosive to gas mains under any normal 
conditions. I do not see how the presence of free sulphur would 
materially affect. the corrosive action of mercaptans or carbon disul- 
phide. Acid on the other hand, would doubtless hasten the hy- 
drolysis of the mercaptans resulting in the liberation of hydrogen 
sulphide which of course would act as a corroding agent.” 

The chemical committee of the American Gas Association for 
the year 1928, reporting on “Corrosion by Gas,” gives references 
to investigations and conclusions drawn as follows: 


1. Internal corrosion is caused by the products result- 
ing from the interaction of carbon disulphide and am- 
monia in the presence of water vapor. 


2. The presence of mercaptans causes corrosion of gas 
meters. 

3. Meter corrosion, diaphram deterioration, and gum 
formation are due to the sulphur compounds, which form 
corrosive acids. ‘These acids attack the metal case and 
form ferrous salts which tan the leather and make it 
brittle. 


The sales manager of one of the large northeastern coal gas 
plants says, “I think that the organic sulphur compounds ordin- 
arily present in manufactured gas have little or no effect on the 
interior of the mains. Our gas mains are chiefly cast iron and 
some have been in use since 1843. For many years, perhaps 30, 
the gas passing through them contained at least 40 grains and 
sometimes as high as 200 grains of organic sulphur. I have per- 
sonally examined some of the older ones and found them singu- 
larly free of interior corrosion.” 

C. E. White (8) found sulphates, ammonia, moisture, etc. present 
in a sludge from Coronado high pressure system, and sulphides, 
free sulphur and ammonia present in an impalpable dust from La 
Jolla high pressure system. 

N. H. Wardale (9) reported free sulphur as being present in 
three separate samples of dust deposits from system of Portland 
Gas & Coke Company. 

The Chairman in order to secure first hand data that would 
be of value from the standpoint of possible internal corrosion of 
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gas mains and services from organic sulphur, made a study of 
this problem at San Diego and reports the following facts: 


1. Ammonia content of San Diego system gas is around 0.064 
grains per 100 cubic feet. 


2. Dust from interior of pipes in high pressure system, both 
at locations on Swift Ave., 28,000 feet from plant and 43rd. Street, 
43,000 feet from plant, contained ammonia or ammonia compounds. 
These same dust samples also contained carbon disulphide and 
moisture. 


3. Ammonia or ammonia compounds, carbon disulphide and 
moisture were found present in the same drippage samples, viz.: 


From drips on Distance from Plant in Feet. 


lith Street after L.P. regulators.......... Ee 500 
J Street on the L.P. system ................................. enititnn ae 
Sprott Canyon on the H.P. system —...00000000000000.... . 18,000 
Mission Hill district on the L.P. system.......0...00....... 6,900 
Witherby at Moore Street on the H.P. system........ .. 22,000 
Ee 21,000 


4. Drippage at plant, just after the after-coolers following 
compression and cooling for dehydration, contained around 0.23 
per cent total sulphur. At room temperatures this drippage was 
not corrosive to iron and copper. 


5. Drippage from system at 11th Street and Imperial Ave., 500 
feet from plant, had a total sulphur content of 0.77 per cent and 
was corrosive to iron and copper. 


6. Drippage collected at drips located at 34th Street and Ocean 
Blvd., 11,000 feet from plant, Conn. South of Meade, 21,300 feet 
from plant, Ocean Blvd., 16,000 feet from plant, W.P.L. Blvd. at 
Spray, 48,000 feet from plant, and Tennyson at Catalina Place, 
40,000 feet from plant, was corrosive to iron and copper. 


A series of qualitative corrosion tests were conducted in the 
laboratory as follows: 


Steel razor blades were used as test specimens. Each blade 
was thoroughly cleaned, polished and washed and dried in alcohol 
just prior to start of tests. 


Test tubes of glass were thoroughly washed in alcohol and 
dried. They were tightly stopped with cork during period of 
tests. The test specimens were protected from sunlight by being 
stored in the dark during tests 


The blades were completely immersed in the liquid, which 
partly filled the test tubes, leaving the upper portion of tube filled 
with air. 

Carbon disulphide used was a commercial grade. This, just 
prior to start of tests, was doubly distilled over metallic mercury 
and stored in glass over mercury and in the dark. 


Ammonia hydroxide used was C.P. concentrated. 
Water used was freshly distilled just prior to tests. 
Tests were conducted over a period of 40 days. 


Tests Using. Results. 


1. Carbon disulphide only. No evidence of any corrosion. 

2. Carbon disulphide thorough- Blade was black at end of 
ly mixed with ammonia hy- test and showed heavy raised 
droxide in the ratio of one of deposits which upon removal 
NH,OH to 80 of CSz. left deep pits. 

3. Carbon disulphide thor- Blade comtained black raised 
oughly mixed with distilled deposits which upon removal 
water in the ratio of one of left deep pits. 
water to five of CSz:. 

4. Ammonia hydroxide only. No evidence of any corrosion. 

5. Carbon disulphide that had No evidence of any corrosion. 
been mixed with water and 
the water layer drawn off 
and CS, then filtered through 
fine filter paper. (No sign of 


water). 

6. Carbon disulphide that had Considerable corrosion. Blade 
been mixed with water and contained fine pin_ point 
the water drawn off but the raised deposits which left 


CS. not being filtered. Small small pits upon removing. 
globules of water to be seen 
on sides of test tube. 

Water. Blade dark and brown but 
smooth. No sign of pitting 
nor of raised deposits. Seem- 
ed to be case of rusting only 
with no scale. 


“I 


The Chairman feels justified, in view of the preceding data 
and comments, to draw the conclusion that presence of organic 
sulphur, for the most part carbon disulphide with possibly mer- 
captans, in gas mains is one of the causes of interior corrosion of 
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TABLE NO. 1. 


WESTERN GAS 


ACTION OF REFINING AGENTS ON ORGANIC SULPHUR COMPOUNDS IN GASOLINE (7) | 


| 


| 
i 
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| | plus S 

| |—— Sj 
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| | in cold. in cold. 
i | i . ‘ , ‘ 
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| | on heating | on heating 
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No Effect 
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CuO NaOCl AlCl, Liquid SO, |Hot Metallic 
| | Liquid 
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heating 
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No Effect 
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mains and services. This appears to be true only when the gas 
contains condensible water vapor and/or ammonia. 

The direct comparison as to cost of removing the water vapor 
from gas by dehydration-by compression, or by other means, or, 
removal of organic sulphur compounds without dehydration of 
the gas, can not be reported on by this committee. 


Methods of Removal of Organic Sulphur Compounds from Gas. 


Organic Sulphur Committee report for the year 1929 gave a 
complete abstract of articles dealing with organic sulphur removal. 

Your present committee presents the following additional data 
and comments: 


ORGANIC SULPHUR 


Removal by Chemical Combination: The Chairman, having in 
mind that similar results might be obtained in treating gas as 
well as gasoline for the removal of organic sulphur compounds, 
presents the data in Table No. 1 

By carefully analyzing the data, you will not find one medium 
capable of removing completely carbon disulphide, thiophene, mer- 
captans and hydrogen sulphide when all are present in the same 
mixture. 

The chairman conducted a number of laboratory tests for the 
removal of organic sulphur by means of sodium hypochlorite and 
found the following to hold true for San Diego gas: 

1. Hypochlorite treatment followed by oil washing, as for 
naphthalene, will remove organic sulphur down to about two grains 
per 100 cubic feet of gas. 

2. Hypochlorite alone would not prove an efhcient medium for 
removal. 

3. Hypochlorite will remove carbon dioxide. 

4. Combustion products from gas after being treated with 
hypochlorite and burned had a strong odor of chlorine or chlorine 
compounds, 

§. Unless special precautions, like additional scrubbing with 
milk of lime, are taken, hypochlorous acid may be carried in to 
the distribution system. 

The chairman also calls your attention to an article in Gas 
Age Record, Vol. 49, Part 2, April 1, 1922, pp. 386-7, under head- 
ing of “Removal of Sulphur from Gas by NaOCl.” 


Removal by Means of Intensified Oil Scrubbing: The theoretical 
principles involved in oil washing have been ably presented by S. C. 
Schwarz under the subject of “Condensing and Scrubbing,” Pacific 
Coast Gas Association Proceedings for year 1927, Vol. 18. 

K. L. Dawson (1) has made an exceptional report on the oil 
washing of gas for removal of organic sulphur. This report covers 
the theoretical side as well as results secured in actual operation 
at Halifax, Nova Scotia, Canada. 

The Chairman in order to secure first hand data of possible value 


to those contemplating oil washing, has conducted a number of 
laboratory tests along these lines. Absorption oils of different 
molecular weights, high and low boiling points and specific grav- 
ities together with fuel oil as now supplied at San Diego were used. 

Results of these tests indicate that: 

1. All except a small portion of organic sulphur can be removed 
by oil scrubbing. 

2. When light oil recovery is desired, absorption oils of low 
molecular weights should prove advantageous and more economical 
as to costs. 

3. When light oil recovery is not desired and the oil, after 
scrubbing the gas, is circulated back into supply line for burning 
or gas making, regular fuel oil, even at the necessary increased oil 
rates for scrubbing as compared with lower molecular weight oils, 
will, prove more economical as to costs. 

4. That in either case, the importance of operating an absorp- 
tion plant at the lowest temperature consistent with cooling facil- 
ities and other factors, is to be emphasized. Like conditions pre- 
vailing, the lower the temperature of the absorption oil, the greater 
the efhciency of scrubbers. 


Removal by Means of Heat Treatment: Quoting from a letter 
dated May 5, 1930, from W. H. Fulweiler, chemical engineer of 
the United Gas Improvement Company, Philadelphia, Pa.: 

“IT have your letter of the 28th with reference to the process for 
the removal of organic sulphur that has been developed by our 
company. 

“At the present time the patent applications have not been brought 
to such a point that I can reveal all of the details. I can say, 
however, that the process is designed to remove the sulphur com- 
pounds to below 2 grains per 100 cubic feet and this limit has been 
found to be low enough for a number of commercial applications. 
The process can be modified if necessary to remove sulphur com- 
pounds to below 0.05 grains per 100 cubic feet, but this extra step 
requires additional apparatus and increased operating expense. 
The process has been designed essentially to be used in connection 
with commercial heating furnaces where there is normally a con- 
siderable amount of waste heat in the products of combustion. 

“The process consists in heating the gas to the required tempera- 
ture by a recuperator placed in the off-going products, passing 
this heated gas over a catalyst and removing the small amount of 
hydrogen sulphide as produced by the decomposition of the organic 
sulphur compounds with an ordinary oxide purifier. 

“An installation has been operating on a continuous annealing lehr 
in a large eastern glass works for the past six months. The aver- 
age sulphur in the outlet gas is about 1.7 grains. 

“Tt will be seen, therefore, that the operating expense is prac- 
tically nil as the necessary heat is furnished by the products of 
combustion and the only apparent operating expense will be the 
changing of the oxide in the purifier, which we anticipate will 
occur only about every nine months. 
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“As soon as the patent applications are in better shape we expect 
to publish a paper giving more complete details of the process.” 
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Corrosion of Gas Plant Equipment 
By B. G. Dick 


Portland Gas & Coke Company 


HE purpose of the Committee Report on Corrosion of Gas 

Plant Equipment this year will be to cover some of the 

problems encountered in the operation of gas plant equip- 
ment. “Corrosion may be broadly defined as the chemical action 
of certain external agencies on metals which cause their deteriora- 
tion or destruction.’”* In a report of such limited scope, it is 
not practical to attempt a technical explanation of the theory of 
corrosion or the many complex factors which cause or influence 
the rate of corrosion. It seems sufhcient for our purpose to state 
that the electrochemical theory is now generally accepted by most 
authorities on the subject to be the theory which best explains the 
established facts regarding corrosion. It is believed that the prac- 
tical phases of corrosion and corrosion prevention will be of more 
value than a theoretical discussion. 


Classification of Corrosion 


The two broad classifications of external (atmospheric)- and 
internal corrosion will be used to cover the material of this report. 

External or atmospheric corrosion is characterized by the pres- 
ence of oxygen in excess, with moisture being present only part 
of the time. The metal is wetted and dried alternately and is 
subjected to the action of sunlight and variable weather condi- 
tions. Under these conditions, the main controlling factors are: 
the proportion of time the metal surface is werted, the chemical 
content of the air in contact with the metal surface, and the com- 
position of the metal exposed. 

The classification of internal corrosion is used to designate cor- 
rosion of metal surfaces sealed to the atmosphere. In internal 
corrosion the conditions are the reverse of those in atmospheric 
corrosion with respect to the ratio between available supply of 
oxygen and water. Ordinarily the oxygen available is dissolved 
oxygen from the air and is limited in amount. Due to this lack 
of oxygen, the products of corrosion are incompletely oxidized 
and usually contain about one-third ferrous hydroxide. The rust 
thus formed is soft and fairly uniform in texture, while in atmos- 
pheric corrosion the rust is practically all in the ferric condi- 
tion, is granular in appearance, and is hard. 

The controlling factors in internal corrosion include composi- 
tion of solutions, gases, or substances in contact with metal sur- 
faces, oxygen concentration, hydrogen-ion concentration, rate of 
motion, and temperature. 

A list of the major items of gas plant equipment which are 
subjected to the effect of external (atmospheric) and internal 


External Internal 
Buildings General Steelwork | Purifiers Scrubbers 
Roofs and Gutters Tanks | Gas Generators Condensers 
Plant Holders Pipe Lines | Plant Piping Boilers 
Stacks Coolers | Compressors Steam Turbines 
Miscellaneous Equipment. | Miscellaneous Equipment 


— ———— 


General Conditions 
Due to the materials and processes used in a gas manufacturing 


*“Corrosion Causes and Prevention,” by F. N. Speller. 
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plant, conditions are developed which tend to increase the rate of 
corrosion on exposed metal surfaces. The conditions affect both 
external and internal corrosion in varying degrees. The atmos- 
phere surrounding the plant usually carries considerable amounts 
of solid matter, such as cinders, etc., some of which is deposited 
on metal surfaces. ‘These deposits may and often do accelerate 
and localize corrosion by the contact effect of dissimilar materials, 
the formation of numerous smail concentration cells, and the re- 
tention of moisture on the metal surface for long periods of time. 
Corrosion from this source is to be expected especially on metal 
roofs, gutters, and other exposed metal surfaces where deposits 
collect. The chemical content of the atmosphere in certain parts 
of a gas plant is unavoidably affected by escaping gases and vapors. 
The presence of sulphur dioxide, hydrogen sulphide, carbon di- 
oxide, and other such substances with moisture and air provide 
the main essentials required for rapid corrosion of ferrous metals. 


Examples of Atmospheric Corrosion 


Metal Roofs: A special corrosion problem on corrugated metal 
roofing was encountered at the Gasco plant of the Portland Gas 
& Coke Company in 1926. In 1925, new 26 gage galvanized roofing 
was put over the new waste heat boiler valves which were in- 
stalled during that year. Corrosion destroyed these roofs in ap- 
proximately 8 months time, and the galvanized steel roof was 
replaced with 20-gage steel sheets, heavily coated on both sides 
with lead. By doing considerable repair work and painting, this 
second roof lasted approximately 2'42 years, though it always 
leaked more or less after the first year. Samples of roofing mate- 
rials were placed on the roof for tests to find a material that 
would withstand the corrosive conditions. A non-metallic material! 
was selected and installed for the third roof in a little less than 
four years time. The roofing material selected was corrugated 
sheet roof, 34 inches thick, made of Portland cement and asbestos 
fibre and impregnated with a waterproofing compound. After 
approximately one year’s exposure on the roof, the new material! 
showed little or no sign of deterioration. 

It is believed that the corrosion of the steel roof sheets was due 
principally to the presence of hydrogen sulphide, moisture, and 
temperature difference on inside and outside surfaces of the metal 
sheets. The vapors rising from the hot waste heat boiler valves 
with moisture from the air and from steam vapors formed con- 
densation on the under surface of the steel. Condensation formed 
readily due to the cool outside temperatures on the comparatively 
thin metal sheets which were subject to hotter temperatures inside 
the building. Corrosion was accelerated by the formation of an 
electrochemical or galvanic couple. The hydrogen sulphide reacted 
to form a scale consisting of hydrated iron sulphide. This sulphide, 
either alone or mixed with other oxidation products, produced 
areas which were electro-negative in respect to electro-positive 
steel, and an electric cell was formed in which the steel, being the 
anode, corroded away. 

The presence of sulphur dioxide was also a contributing factor 
in corrosion of the steel roof sheets. 


Gutters and Downspouts: Closely connected with the corrosion 
problem on roofs is the corrosion of roof gutters and downspouts. 
The Portland Gas & Coke Company has experienced considerable 
trouble from corrosion of gutters and downspouts due to cinder 
deposits in the cave gutters on gas generator buildings. The gut- 
ters are made of 20-0z. copper and are attacked by localized corro- 
sion and bad pitting, as shown in Figs. 1 and 2, wherever cinders 
accumulate. The cinders from the gas generator: stacks are kept 
more or less wetted by water from the roofs. The principal cause 
of corrosive attacks is the liberation of SO. by the wet cinders. 
The formation of small concentration cells is apparent from the 
pitted condition of the copper after a few months’ exposure. One 
20-0z. copper gutter where conditions are particularly bad from 
cinder deposit lasts only 12 months. A flushing system has been 
installed in an effort to keep the gutters free from cinder accumu- 
lation. This is only partially successful since the cinders are hard 
to dislodge and wash down; enough cinders always remaining to 
cause some corrosion. Paints used so far have been unsatisfactory. 
The problem at this plant is yet to be solved, though trials are now 
in progress with round bottom gutters carefully painted with acid 
resisting paints. 

Copper downspouts connected to the above mentioned gutters 
are subject to rapid corrosion due to SOs, some HS, and the abra- 
sive action of the cinders and water. ‘These downspouts are now 
being replaced with galvanized iron pipe, which seems to with- 
stand the corrosive conditions better than copper. 

On other plant steel structures such as tanks, scrubbers, purifiers, 
etc., corrosion from cinder deposits is not serious, due to thinness 
of the deposits and absence of sufhcient moisture to cause rapid 
corrosion. 

Holder Cups: The cups of gas holders are the most vulnerable 
point for corrosive attack on holder surfaces due to fluctuation of 
the water in the cups. The metal is alternately wet and dry. 
Moisture-proof paints must be used for protection from corrosion. 
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Various kinds of paints have been used tu prevent corrosion 
on inside purifier metal surface. So far, no paint has proven 
entirely satisfactory. The combination of controlling factors seems 
to dissolve or remove paints. The protective life of paint is short 
under these conditions. 

To combat this type of corrosion, the inside surfaces of one puri- 

fier shell were metal coated with four coats of lead. Scale was : 
removed and the metal cleaned by sandblasting in preparation for 
the lead coating, which was sprayed on in successive coats by the 
Schoop Metalayer method. ‘This coating showed, after exposure 
of one year, that corrosion had been stopped on the surface coated. 
While the results were good in this case, the practicability of ap- 
plying metal coating by this method is limited, due to difficulties 
encountered in preparing the metal surfaces of installations which 
are already badly corroded. 

Smoke Scrubbers: WLead coating was applied successfully to the 
inside surface of a steel smoke scrubber to stop corrosion. This 
scrubber was connected to the outlet of a lampblack dry kiln to 
wash smoke originating from the products of combustion of an oil- P 
fired kiln furnace and the moisture, volatile matter, and some 
lampblack dust picked up by the smoke in passing through the kiln. 

The cylindrical scrubber was constructed with cone baffles inside 
to deflect the flow of smoke up and the flow of water sprayed down 


Fig. 1. Corrosion of 20-0z. copper gutter bottom, due to and was subject to severe corrosion on the inside shell plates on sur- 
cinder deposits and moisture. This gutter has been in face areas washed clean by the water. Corrosion was due to the 
service 1 year. sulphurous and moisture content of the smoke which attacked the 


metal. The water which washed down the solid particles from | 
the smoke kept the metal comparatively clean and removed the 
products of corrosion as fast as they formed. This accounts for 
the absence of any appreciable scale or rust on the areas affected : 
most by corrosion. The application of lead coating in this case : 
proved difficult due to sandblasting and keeping metal surfaces dry 
while the lead coating was applied. The accompanying photo- 
graph, Fig. 5, shows the effect and nature of corrosion on inside 
surface of the smoke scrubber. 

The installation of a Cottrel-type Smoke Precipitator has changed 
somewhat the method of handling the smoke from the lampblack 
dryer kilns and incidently has eliminated to a great extent the cor- 
rosion problem in the smoke scrubbers. 


Fig. 3. Effect of corrosion on 5-in. steel l-beam tray support 
from 8 years service in oxide gas purifier. 


A. 


Fig. 2. Effect of sulphurous gases and cinder abrasion on 
6-in., 20-0z. copper downspout. This downspout has been 
in service 1 year. 


Examples of Internal Corrosiont 


Oxide Purifiers: The internal metal surfaces of gas purifiers 
(oxide type) are subjected to severe corrosive conditions. Alter- 
nate exposure to gases when the purifier is in operation and to air 
when revivifying the oxide material, causes a combination of in- 
ternal and atmospheric corrosion of the metal. The combination 
of sulphur compounds, cyanogen, gases, oxygen, moisture, and tem- 
perature tends to cause very rapid corrosion of the inside shell and 
structural steel tray support surfaces. A fairly hard, thick scale 
is formed from the products of corrosion. ‘This scale is thickest 


on surface areas that are most exposed to moisture. Fig. 3 shows 
the effect of corrosion on I-beam supports and Fig. 4 shows 


alvanized ’ ts tak insi . , 
S ized tray bolts taken from inside of a gas purifier Fig. 4. Effect of corrosion on galvanized tron bolts after 


oe 


t As observed at Gasco plant of Portland Gas & Coke Company. approximately 5 years exposure in oxide gas purifier. 
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Fig. 5. Effect of sulphurous gases, water, and cinder abra- 
sion from smoke washing in lampblack drying process. Note 
the absence of scale formation. 
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Fig. 5-A. Corrosion at various oxygen concentrations. 


Brick Lined Waste Heat Boiler Flues: Products of combustion 
from heating an oil gas generator, together with moisture from 
condensed purging steam, have caused rather severe corrosion on 
the inside of horizontal sections of steel brick lined waste heat 
boiler flues. The main contributing cause was the partial failure 
of the brick flue linings, which allowed gases and moisture to 
penetrate the brick lining to the steel shell, where corrosion took 
place. The problem in this case has been solved by designing and 
installing special brick lining which effectively seals the metal 
surface from contact with gases and moisture. Some trouble from 
the same source has been experienced in waste heat boiler settings, 
but was less severe due to the brick linings standing up better. 


Corrosion from Dissolved Oxygen 


Water-cooled tubular condensers used for cooling gas in benzol 
refining processes are subjected to corrosive conditions due mostly 
to dissolved oxygen and organic acids in the water. Gas plants 
cursed with a supply of corrosive cooling water often must go to 
considerable expense in purifying the water if frequent replace- 
ments of cooling pipes and condenser tubes are not to be made. 
Galvanized tubes often solve the corrosion problem where condi- 
tions are not too severe. Observation of action of cooling water 
on banks with galvanized tubes after one vear’s exposure shows 
no corrosive effect in comparison with ordinary steel tube con- 
densers using the same water, which showed considerable pitting 
and are requiring some replacements after approximately 6 years’ 
service. 

Dissolved oxygen in cooling water circulated through cylinders 
of gas and air compressors often causes trouble from scale which 
builds up within the jackets, and interferes with proper cooling. 
Entrained air drawn in through the ordinary sight flow fittings and 
from other points of contact of the water and air is the source of 
most of the dissolved oxygen. Closed water piping and glass sight 
flow fittings help materially to reduce the amount of entrained air 


in the cooling water system. In closed systems where the water is 
used over and over, the use of the so-called rust preventatives in 
the water helps to combat the corrosive action and eliminates the 
formation of excessive scale. 

The use of water from a gas holder well for cooling water in 
gas compressor jackets and aftercoolers has resulted in corrosive 
action which attacked all brass fittings and valves in the water 
piping, also the steel tubes in the aftercoolers. The brass valves 
and fittings have been replaced with all-iron valves and fittings, 
which withstand the corrosive action satisfactorily. The action on 
the aftercooler tubes is sufficient to require tube replacement every 
two years. 

It has been found from practice that brass valves in oil gas 
plant operation will fail from corrosive action when installed on 
hot fuel oil lines, hot tar lines, liquor lines (water saturated with 
H.S), and raw gas lines. The sulphur compounds present in the 
liquids and gases is probably the main contributing corrosive fac- 
tor. All-iron valves have proven to be less subject to corrosive 
attack than brass valves when used on all] the above mentioned 
pipe installations. The theory has been advanced that brass valves 
and fittings are attacked by the cyanide content of liquids and 
gases in pipe lines. 


Boiler Feedwater: Dissolved oxygen in hot water systems and 
boiler feedwater is ordinarily the chief factor in causing corrosion 
in piping, heaters, and boilers. In tests on heated water in which 
the oxygen concentration was decreased progressively, F. N. Speller 
found, as is shown by the graph in Fig. 5-A, that “the corrosion 
rate is proportional to the oxygen concentration.” 

“The difference in the corrosion rate of one water and another 
of the same oxygen content is largely due to the variable tendency 
to form protective coatings, to difference in temperature, velocity 
of motion, or to other factors which influence the rate at which 
dissolved oxygen is brought to the surface of the metal. It gener- 
ally follows, therefore, that by removing the dissolved oxygen from 
the water, and by keeping the de-oxvgenated water from further 
contact with the atmosphere, corrosion may be reduced to a mini- 
mum.’’* 

Corrosion caused principally by dissolved oxygen in boiler feed- 
water heaters and piping is illustrated by Figs. 6, 7, 8, and 9. 


, :' : - 
* Corrosion Causes and Prevention by F. N speiter 


Fig. 6. Effect of corrosion from dissolved oxygen and other 

corrosive substances on boiler feedwater piping. Note local- 

ized corrosion and depth of pits. Specimen was taken ap- 
proximately 30 feet from heater. 


Fig. 7. Effect of corrosion on boiler feedwater piping. Speci- 
men was taken from piping at outlet of heater. 
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Fig. 8. Rust formation in 6-in. boiler feedwater piping due 
to dissolved oxygen and other substances in the feedwater. 


Fig. 9. Characteristics of rust formation of boiler feedwater 
corrosion. This rust was comparatively soft when the piping 
was just removed, but hardened when exposed to the atmos- 
phere. The surfaces shown in Figs. 6 and / were covered 
with this kind of rust, which was rémoved to show depth of 
pits and the effects of corrosion on the bare metal. This 
picture 1s a “close-up” of 6-in. pipe specimen shown in Fig. 8. 


The samples to show these effects of corrosion were taken from 
feedwater piping recently replaced with new pipe at the Gasco 
plant of the Portland Gas & Coke Company at Portland, Oregon. 
The feedwater heater was badly corroded inside and the piping 
at the outlet of the heater showed more effect of corrosion than the 
piping farthest away from the heater. The heater used was of the 
open type and feedwater temperatures were 150 to 190°F 

Corrosion from this source has been practically eliminated by the 
installation of a new feedwater heater of the deaerating type, which 
now furnishes boiler feedwater at temperatures ranging from 212 
to 222 F. and reduces the oxygen content to 0.08 cc. per liter. 


Dry Vacuum Pump Feather Valves 


The feather type compressor and vacuum pump valves are some- 
times subjected to corrosive action of the air or gases handled. 
Serious corrosion to the feather strips of this type of valve has 
been experienced with two dry vacuum pumps handling air and 
gases from Oliver type filters. The filter was used in connection 
with lampblack briquet manufacture to remove water from lamp- 
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black produced in oil gas plant operation. The air handled by the 
pumps was contaminated by some sulphurous gases and vapors 
from the lampblack. The feather valve strips of spring steel after 
20 to 30 days use became so badly pitted as to cause the strips to 
fail completely. Often the feather strips broke up and caused 
damage to the valve seat. The valve seats were of cast iron and 
showed practically no effects of corrosion. Cooperation with the 
pump manufacturer and a trial of three different kinds of metal 
feather strips resulted in the selection of a special Monel metal 
strip, which has worked satisfactorily and solved this corrosion 
problem. 


Reciprocating Pump Valves 


Corrosive attack of the ordinary brass or bronze pump valves 
has been experienced in gas plant operation. Monel metal valves 
and seats have proven satisfactory in pumps handling fuel oil, oil 
gas tar, and liquors saturated with H.S. 


Impurities in Steam 


Superheaters, steam turbine blading, and steam valves are some- 
times subject to corrosive attack from impurities*in the steam. 
Steam purifier equipment is now on the market for removing these 
impurities before the steam enters the superheaters. 


In connection with steam equipment corrosion, the trouble from 
erosion is probably more important, especially in the newer high 
pressure plants. Valves and turbine blading are a source of con- 
siderable trouble from erosion. One valve company has developed, 
by the nitriding process, a very hard metal for valve mountings, 
which is being used successfully under the exacting conditions of 
the modern high pressure plants. 


Welding Subject to Acid Attack 


Corrosive attack of arc welds exposed to acids has been expe- 
rienced on equipment fabricated by arc welding. The ability of 
different electric arc welds to withstand acid corrosion is shown in 
Figure 10. The welding shown in No. 2, Figure 8, was specified 
recently in the fabrication of a steel acid agitator shell used in 
benzol refining. 


Fig. 10. Effects of acid corrosion on electric arc welding. 
1. Special coated mild steel electrode. 

2. Special coated Uranium steel electrode. 

% and 4. Ordinary uncoated mild steel electrode. 


This specimen was placed in a beaker containing dilute 
hydrochloric acid and exposed to acid action for six days. 
The acid was changed three times during the test. The 
characteristic of specimens 1 and 2 when applied is a brittle 
slag formation from the coatings which forms over the weld. 
This readily breaks off when cold and was removed before 
specimens were placed in the test beaker. Specimens 3 and 4 
were completely honeycombed from acid corrosion. 
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Methods of Combating Corrosion 


Generally speaking, there is no permanent known remedy for 
external or atmospheric corrosion. ‘The best reans known for 
combatting or preventing this type of corrosion is the application 
of protective coatings which require periodic renewal. The pur- 
pose of these coatings is to keep the corroding medium from con- 
tact with the metal surfaces. There are two classes of coatings: 
nonmetallic and metallic. The various kinds of paints used are 
non-metallic coatings and are applied after fabrication or comple- 
tion of the installation of equipment or structure. In metallic 
coatings, the coating may be applied at factories to stock materials 
or in the field during and after fabrication. The more common 
metallic coatings consist of galvanizing, sherdizing, electroplating, 
calorizing, and metal spraying. , 

Of these coatings, the only ones practical for gas plant main- 
tenance work are paints and to some extent the use of metal spray- 
ing by the Schoop process. 

Metal surfaces to be coated must be properly prepared if best 
results are to be obtained. The surface should be clean and free 
from all rust and loose scale. Grease or oil may be removed by 
washing with solvents. Mill scale and rust may be removed by 
sandblasting or scratchbrushing. 

Red lead is accepted as a standard base for the priming coats 
for most paints. The selection of paints to be used depends on 
particular conditions and consideration found to be correct by 
experience. Careful application on properly prepared dry surfaces 
is fully as important as the use of good paint. 

The protection of general steel structures in the gas plant may 
be taken care of by the proper application of good paint. On steel 
surfaces such as coal chutes, walks, etc., that cannot be covered, 
the use of copper bearing steel is often warranted. Cinder deposits 
should not be aHNowed to accumulate on metal surfaces. Periodic 
removal of cinders and dirt is economical from a maintenance 
standpoint. In the erection of steel structures, pockets are often 
formed by projecting flanges of structural steel or by gusset plates 
which catch and hold water. All such pockets are a source of 
localized corrosion and should be drained by drilling small holes 
at the lowest point. 

The remedy of conditions may and often does solve special 
corrosion problems. Escaping vapors and gases may be eliminated 
or taken care of by proper ventilating methods. Moisture-proof 
covers can be used to protect small units. The elimination of jeaks 
of all kinds is an aid in prevention of corrosion. Gas, hot oil, 
steam, and water leaks often destroy protective paint coatings on 
adjacent metal surfaces. 

Methods for preventing internal corrosion are not as simple as 
the common methods employed to combat atmospheric corrosion. 
In internal corrosion, prevention in each case is usually controlled 
by different influencing factors and, therefore, must be treated 
individually. 

The composition of the materials in contact inside metal surfaces 
together with temperature, velocity of motion, and other factors, 
eliminates the use of paint protective coatings in many cases. 
Metallic coatings may be used, but as has been stated before, the 
field application of such coatings is limited due chiefly to applica- 
tion difhculties. Internal surfaces of closed hot water systems, 
heaters, boiler feedwater piping, boilers, condensers, etc., that are 
subject to corrosion from dissolved oxygen or hydrogen-ion con- 
centrations may be protected by limiting the oxygen content and 
controlling the pH value. 

When chemical corrosion is a problem, special linings of lead, 
cement, refractory materials, etc., are used for protecting equip- 
ment. 

Where welding is used in fabricating equipment subject to acid 
attack the use of special welding materials and methods is worthy 
of consideration 


Conclusion 


It is realized that the foregoing discussion has touched on only 
the high spots and some few special gas plant equipment corrosion 
problems. ‘There are a multiplicity of other problems not men- 
tioned, small, perhaps, individually but really formidable when 
viewed in the aggregate. A search of the gas industry literature 
shows that comparatively little work has been done to solve plant 
corrosion problems. ‘There is a need for more reliable data, which 
must come from actual service tests in the plant. From an eco- 
nomic standpoint, these corrosion problems are of sufficient im- 
portance to warrant the same scientific method of effort that has 
been applied so successfully to the operation of gas plants. 
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Reforming Natural Gas im Two-Shell 
Generators 


By FRANK WILLS and D. J. McCartruy 
Pacific Gas and Electric Company 


INCE the gas served in California is largely straight natural 

gas of which there is many years supply now available, none 

of the companies are reforming. It is not expected that there 
is any present interest in the re-forming operation as practiced in 
central California during the past winter. Furthermore, the process 
was developed in southern California and has been thoroughly 
described in the Association’s Proceedings by Messrs. Masser and 
Hough; consequently the purpose of this report is limited to three 
ideas: First, to record the facts from an historical viewpoint; 
second, to show the operating results obtained in two-shell gen- 
erators, as this is the first time these machines have been put to 
this use; third, to present a method of estimating efficiencies for 
the process which was useful in calculating yields and therefore 
helpful in obtaining factors for the design of the piping and con- 
trols that were attached to the oil gas generators as well as esti- 
mate the probable effect upon production costs. 

Natural gas from the Kettleman Hills fields was introduced to 
San Francisco on August 16, 1929. It arrived at the Potrero 
gas plant of the Pacific Gas and Electric Company at 5:30 P.M. 
and after purging the pipe lines, was lighted under the first boilers 
at 8 P.M. and turned into the generators at 10 P.M. A similar 
procedure occurred at Gas Station “B” in Oakland the following 
day and in the San Jose gas plant on September 8. 

That these plants put the natural gas to work promptly upon 
its arrival has been accepted as a matter of no unusual moment 
but to those who know the circumstances under which this was 
made possible it is quite significant. ‘The discovery of the Kettle- 
man field caused such a rapid succession of events that definite 
decision on the plant alterations was delayed as long as possible; 
construction on the pipe line was actually under way 30 days before 
the word was given for the changes in the generating plants. The 
details are not of general interest, but any report upon these events 
is unjust if mention is not given to the high average of personal 
eficiency and excellent cooperation of those connected with this 
work. Although the spotlight of publicity plaved upon more spec- 
tacular work these men gave a performance worthy of honorable 
mention. 

The natural gas piping and controls were installed independent 
of those for oil-gas. This was essential; as in the event of any 
serious interruption to the natural gas supply, there would be no 
loss of time in changing from natural gas to oil or vice versa. To 
the 18-foot 9-inch diameter sets a 6-inch header was attached 
around the secondary shell to which was connected six 1-inch noz- 
zles for introducing the natural gas into the secondary make cham- 
ber; on the primary shell there was an 8-inch header with six 
14-inch nozzles for introducing gas into the primary make cham- 
ber and a 6-inch header connecting with four 1l-inch nozzles for 
introducing gas into the superheater chamber of the primary shell. 
Three additional regulating valves of the globe type were installed 
for regulating the gas to the various parts of the set. The flow 
was measured by orifice meters designed by company engineers. 
An hydraulic master valve was used for turning on and shutting 
off the gas, which eliminated the necessity of changing the setting 
on the regulating valves once they were adjusted. A _ 2,000,000 
cubic foot per hour Thomas master meter connected on the main 
feeder line leading to the generators recorded the gas delivered to 
all generators. 

The operating cycle for the cracking of natural gas is prac- 
tically the same as for cracking oil. Previous to introduction of 
natural gas for reforming the operating cycle was 16 minutes, di- 
vided as follows: 8 minutes heat and 8 minutes make. During the 
heat period approximately 3 to 3’ minutes was given over to dry 
blasting of the generator in which considerable heat was given up 
to the checkers from the burning of deposited carbon. The make 
period was divided as follows: '% minute tempering with steam 
at start of run—5™% minutes for introduction of oil, and 2 minutes 
purge. Approximately 50 gallons of heat oil was used per run to 
400 gallons of make oil, and this produced approximately 58 thou- 
sand cubic feet of gas. 

In the cracking of natural gas the operating cycle was reduced 
to 14 minutes divided as follows: 7 minutes heat and 7 minutes 
make. Due to the absence of carbon deposit on the checkers, the 
dry blast period was reduced to approximately 1'4 minutes. As 
more heat is required to crack natural gas than oil the temperature 
in the generator was carried approximately 200 degrees F., higher 
than when making oil gas, necessitating an increase of approxi- 
mately 30 to 35 per cent in the amount of heat oil used. The 
capacity of the machine per hour was slightly higher than for oil 
gas. 
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At the beginning it was the plan of the Pacific Gas and Electric 
Company to serve a 725 B.t.u. mixed gas composed of 1170 B.t.u. 
natural gas and 550 B.t.u. reformed gas: thus oil gas could be 
readily substituted for reformed gas in case of shortage of natural 
gas, depending on storage for the natural for mixing and a higher 
B.t.u. oil gas if necessary. Shortly after the natural gas trans- 
mission pipe line was completed the Kettleman Hills field had 
been proven to be unusually large, so the plan was changed to 
serve a 610 B.t.u. reformed gas. This was the highest heating 
value that the consumer’s appliances could use without adjustment 
and was supplied for only a few months, pending the completion 
of the second transmission line from the gas field and the subse- 
quent serving of straight natural gas. 

This change in program cut the period of making 550 B.t.u. gas 
and since some of the generators continued to make oil gas until 
October 15, 1929, the only opportunity to obtain data on the reform- 
ing to 550 B.t.u. gas was when the oil gas sets were taken out of 
service on August 21, 1929, for a period of 24 hours to determine 
what capacities could be obtained by the reforming process. The 
greatest limiting factor in this test was found to be back pressure 
caused by the limited size of piping leading from the primary to 
the secondary scrubbers. The following are the data obtained: 


Reformed Gas Made with Four Generators in Use: 


Heat oil used, total 24 hours............ peat Pr anaes ates 11,710 = gallons 
me same Gee ee I ee 1.04 gallons 
_ £ B "=e , RAR rarer an etn sna 55 gallons 
Make gas used; natural gas, total 24 hours............ 11,710 M.c.f. 
Make gas used; natural gas, total per hour-............ 466 M.c.f. 
Reformed gas make per generator hour...................... 1,047 M.c.f. 
Natural gas per M. reformed gas make.................... 445 — cu. ft. 
Gas Analysis 
Natural Gas Reformed Gas 
C.He 25.0 CO, 3.4 
CH, 75.0 CrHaon 1.5 
-——— O, 0.3 
100.0 CO 12.8 
H2 45.3 
B.t.u. 1215 CH, 33.4 
N; 3.3 
Calc. B.t.u. 555 
Sp. Gravity 442 


Average of 16 calorimeter tests on reformed gas 550. 


Due to the fact that these generators had been on oil gas opera- 
tion so recently some carbon remained in the generators which 
during the dry blast and heating period gave up heat to the check- 
rs and this is no doubt responsible for the low heat oil per M. 
The high CO content of the gas may have been partly due to the 
action of the steam on this carbon, leading to a low figure for 
natural gas per M. 

Prior to January 2, 1930, all natural gas delivered to the Bay 
region was received from the Kettleman Hills field. Since that 
date, a mixture of Buttonwillow and Kettleman Hills gas has been 
received. Table No. 1 is a summary of the operating results for 
the first four months of 1930 at the Potrero gas plant in reforming 
a mixture of the two gases. The Buttonwillow gas is a fixed 
amount and constituted the following percentages by months: Jan- 
uary, 23.8%; February, 28.3%; March, 23.8%; April, 25.1%. 


TABLE NO. 1. OPERATING DATA ON REFORMING AT POTRERO 
PLANT, SAN FRANCTSCO 
Jan. Feb. Mar. Apr. 

Gas Made .. 913,163 714,994 644,213 493,253 
Heat Oil per M....... 125 1.33 1.38 1.37 
Heat Oil gallons per run-gallon 66.4 65.4 64.6 65.3 
Make Natural gas used per run 25,745 23,189 22,343 22,781 
Make Natural gas used per M 486 475 475 479 
Average B.t.u. reformed gas oils 609 609 611 609 
Average Analysis Reformed Gas 

CO, : 4.9 4.9 49 4.7 
CFs... 1.7 1.4 1.3 1.2 
0, 0.3 0.2 0.2 0.2 
CO 10.7 10.4 10.5 10.7 
_ , 34.5 34.2 34.2 33.9 
Ce. 4) ies 43.9 43.9 44.0 
N, . a 4.8 5.0 5.0 5.3 
B.t.u. calculated . 609 610 609 608 
Specific Gravity .. 508 507 507 508 
Average Analysis Natural Gas 

+. SSeS 77.9 82.7 82.3 82.8 
gis Mihenpesceetittenees. ad * 7 17.3 17.7 17.2 
Sees atin aa , “re 1156 1159 1155 
Specific Gravity 664 640 642 639 


WESTERN GAS 


As soon as the reforming process got under way some difficulty 
was encountered in controlling the very fine lampblack which was 
produced. While the amount of lampblack made per M.c.f. was 
probably not in excess of one pound, there was a tendency for some 
of the very light carbon to carry on with the gas stream through 
the wash box and scrubbers to the mains leading to the relief 
holder. This amounted to about 5 pounds per million cubic feet. 
The carry-over was not so noticeable on the generators equipped 
with the larger wash boxes. Various changes were made to the 
water sprays on the smaller wash boxes with no apparent success. 
However, some improvement was obtained in catching the light 
lampblack in the oil scrubber by using a very fine spray. More 
attention was then devoted to the generators. The volume of air 
for cleaning the set and heating was reduced. The steam on the 
make run was increased from 27 pounds per M, which had been 
used for oil gas manufacture, to approximately 32 pounds per M. 
This additional steam reduced the amount of fine carbon passing 
into the works’ mains to approximately 1 pound per million cubic 
feet. 


The lampblack recovered had very little value as a boiler fuel. 
It was very light, drained slowly in the separators and tended to 
coke on the boiler grates. When the oil gas generators were shut 
down there was not enough carbon produced to fire one boiler. 


As there was practically no H.S present in the gas, the purifying 
boxes were used simply as dry scrubbers, to prevent any fine car- 
bon that might pass through the relief holder from getting into the 
distribution system. 


The experience had in reforming natural gas on the two shell 
generator was quite satisfactory. The dual gas and oil controls 
and piping made a very flexible unit. Changes from one opera- 
tion to the other could be made without the loss of a run. The 
analysis and specific gravity of the two gases were so nearly the 
same that they could be interchanged without inconvenience to the 
consumer. The difficulties with fine carbon were brought under 
control and the gas makers found the operation of the generators 
even less difficult than for oil gas. Although this process was used 
during a rather short period, the indications were that the life of 
the checkers would be prolonged beyond that for oil gas and that 
there was no likelihood of large accumulations of carbon. While 
it is fortunate for the community as a whole that it may be served 
straight natural gas, it is with considerable degree of regret to the 
operating department that such a smooth running process cannot 
be continued. 


A METHOD OF ESTIMATING THE YIELDS AND THE 

HEAT REQUIRED DURING THE “RE-FORMING” OF NAT- 

URAL GAS WITH AN EXAMPLE FROM DATA ON A JONES 
OIL GAS GENERATOR* 


This method consists of a series of steps in constructing the 
probable analysis and proportions of each component in the final 
gas and is essentially the reverse of the procedure in the “Pacific 
Coast Method” for carburetted water gas and oil gas. The author 
wishes to acknowledge the assistance of P. E. Beckman and F. C. 
Jones in checking these calculations. 


(1) Determine the probable amount of air and combustion 
products that may be included in the finished gas. This depends 
on the manner of handling the blast and stack valves at the begin- 
ning of the run. The average for Jones oil gas generators, for 
either oil gas or reformed gas is: 1.5% air, of which there is 
0.3% Oz and 1.2% Na; 2.8% combustion products, of which there 
is 0.4% COs and 2.4% Nz. 


(2) Determine the quality and quantity of blue gas that may be 
formed. ‘This must be estimated from experience. 


The quality of the blue gas is about the same as in oil gas and 
water gas practice. For this purpose an average blue gas analysis 
may be taken as CO.=— 10.1%, CO = 35.3%, CHs = 0.8%, H.= 
53.8% —B.t.u. per cu. ft. (dry) = 297.9. The C (as gas)** re- 
quired per 100 cu. ft. blue gas = 46.2 cu. ft 


The amount of blue gas depends upon the quantity of carbon 
thrown down from the cracking of the natural gas. It is necessary 
to assume the per cent present in the finished gas. It seems from 
tests on oil gas machines (Willien) and practical results in oil 
gas and reformed gas operation that 40 per cent blue gas is the 
upper limit that may be obtained. Usually the per cent blue gas 
constitutes about 35% of a 550 B.t.u. gas and 30% of a 600 B.t.u. 
gas. 

In the following example where the finished gas is to be 550 
B.t.u. on a wet basis (559 dry) the blue gas was assumed to be 
35% but for the natural gas given, a trial calculation showed that 


-_ 


*Submitted by Frank Wills. 


**For convenience carbon is considered as a gas having one atom per molecule 


(31.537 cu. ft. per lb. at 60°F. and 30”). 
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there was just sufficient carbon to satisfy the blue gas. Since not 
over 95% is likely to react with the steam the assumed percentage 
of blue gas is taken as 34%. 


(3) Determine the B.t.u. of the cracked natural gas in the mix- 
ture. Since the air, combustion products and blue gas constitute 
1.5%, 2.8% and 34% respectively, the cracked natural must make 
up the remaining 61.7% and be of such a heating value as to yield 
559 B.t.u. in the final gas. 


Let B represent B.t.u. per cu. ft. of cracked gas: 
559 — (0.34 X 297.9) 
B= = 741.8 (1) 
0.617 


(4) Determine the composition of the cracked natural gas. 

From the literature, it appears that at temperatures which would 
be used for 550 to 600 B.t.u. gas (1700°—1850°F.), CeHe breaks 
down completely to either C.H,+ Hs, or CHi + C+ He or 2 C 
+ 3 He Only traces of higher olefines may be present. The C.H,, 
for a wide range of temperature, constitutes about 3% of the total 
cracked gas, and is assumed as such in the following calculations. 

Consider 1000 cu. ft. of the following natural gas as entering the 
reactions: CO. = none, CoHe = 246 cu. ft., CH, = 754 cu. ft., B.t.u. 
per cu. ft. (dry) = 1203 


Let a = number cu. ft. C:He per M in natural gas 
b =number cu. ft. CH, per M in natural gas 
d = number cu. ft. other gases per M in natural gas (such 
as CO, and N:;) 
x = number cu. ft. CH, cracked to C + 2 H: 
B = B.t.u. per cu. ft. of cracked gas as calculated by equa- 
tion (1) 


With this nomenclature the constituents in the cracked gas may 
be expressed as follows: 


CRACKED GAS 


For above 


natural 
gas and 
B = 741.8 
Cu. ft. of CeoHs = none................ po ARE SSPE, SO ORIN 0.00 
Cu. ft. of C2Hs = 0.087 a + 0.029 (x +b +d)... = 42.89 
es i Re eee yee ees 
Cu. ft. of Hz: = 2.825 a + 1.942 x — 0.058 (b + d)................ 615.79 
Cu. ft. of inmerts = d.. SEY, ORE RS Se 0.00 
Total cu. ft. of cracked gas = 2.912 a + 0.971 (x + b+d) 143082 
Cu. ft. of C= 1.825 a + 0.942 x — 0.058 (b + d)........ Oe 


The numerical values given on the right were calculated using 
the values for (a), (b) and (d) from the above natural gas 
analysis and a value for (x) obtained from equation (2) 


(1098.21 —_3 B) a+ (1083.26—B) b + (29.57 —B) d 
x —— { 
351.12 + B 

In the derivation of this equation the heating values for CHs, H: 
and CoH, were taken from “Combustion” Industrial Gas Series, 
A.G.A., Second Edition. 

If in solving for (x) a negative value is obtained, then that 
amount of CH; is produced from 


bo 
— 


C,, H, ——? CH, - Cc + HK. 
A positive value is the amount of CH, cracked to C + 2 Hz. 
Using the above natural gas with B=741.8 the value of x 
becomes —1814. 


(5) Calculate the volume of the total gases in the final re- 
formed gas produced from 1000 cu. ft. of natural gas. The total 
final gas in this case is the volume of cracked gas, 1430.82 cu. ft., 
divided by 0.617 which equals 2319.0 cu. ft. 


(6)It is now a simple matter to determine the volumes of blue 
gas, air and stack gases as well as the CO, CO, Os, H2, CHs 
and Ne contained in each. 


(7) For a clear conception of the finished gas, the components 
and their composition should be tabulated and summarized. 


Table No. 2 is such a summary. 


(8) Since naphthalene and small amounts of tar formed and 
the loss on purging a Jones machine is about 6.2%, the yields 
should be estimated upon the above theoretical calculation with 
an allowance of at least 7% loss. 

It should be noted that although there is considerable error to 
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be expected in calculating yields, the actual analysis of final 
gas obtained, is usually very close to that estimated. 
Tables No. 3 and 4 show actual results obtained from reforming. 


(9) It is a simple matter to use the information in Table 
No. 1 to estimate the amount of heat required to make the fin- 
ished gas and each component of it. 

Table No. 5 shows such a set-up. 

The heating efficiency of a Jones machine may be taken at about 
50%; consequently the fuel for heating either oil or gas is about 
twice the theoretical. 


TABLE NO. 2—ESTIMATED COMPONENT PARTS 
INCLUDED IN THE PRODUCTS WHEN REFORMING 
1,000 CU. FT. OF A CERTAIN NATURAL GAS 


For 550 B.t.u. (Wet) Gas 


Cracked Blue Aus Stack 
Natural G Ga I mn Gases 
Ga (61.7 (34 (1.5 (2.8 
Pet.) Pet.) Pet.) Pet.) 
( I ( I Cu. Fr. ( I ( I j I 
COs 79.6 9.3 $8.9 3.8 
a .. Fem nce rte Oe tet 278.3 278.3 12.0 
| rat a ial (f Se 7.0 0.3 
He . eee 615.8 424.2 — 1,040.0 44.8 
C.He¢ . 246 7a 
CoH, 42.9 42.9 1.9 
CH, 754 772.1 6.3 773.4 33.6 
Ne ... , y Sa eee ; sons 27.8 55.7 83.5 3.6 
SS. scenesess . ome Se Seer... — (23.6) 
Cu. ft. of gas....1,000 1,430.8 788.4 34.8 65.0 2,319.0 100. 
B.t.u. per cu. 
ft. (dry) ....1,203 741.8 297.9 3 a 559.0 


Theoretical Make gas required per 1000 cu.ft. of Reformed Gas>= 
431.2 cu.ft. 
Allowing for 7% loss, the estimated make gas per M=463.7 cu.ft. 


*C represents carbon expressed as gaseous carbon (351.5 


TABLE NO. 3—COMPOSITION OF GAS ACTUALLY 
OBTAINED IN REFORMING A 1203 B.t.u. (DRY) 
NATURAL GAS 


Analysis Air Stack Blue Cracked 
(,ases (sas Gas 
Pet. Pct. Pet. Pet. Pet. 
. oe _ 4.1 0.3 3.8 ato 
CoH, . sai ae oe iz 1.8 
teas ade Sa 0.6 1 , 
CAP a spisbasid ij, nae suis 12.4 wie 
as olin To i. 19.4 25.5 
CH, 32.2 0.3 31.9 
Nz ; ; , vita 4.0 2.4 1.6 
100.0 3.0 1.9 35.9 $9.2 
B.t.u. per cu.ft. 
Cet iil 3 296.6 741.8 
Note: 466 cu. ft. of the natural gas were crack 1 OOF 
gas made on Jones generator 


TABLE NO. 4+—COMPOSITION OF GAS ACTUALLY 
OBTAINED IN REFORMING A 1234 B.T.U. (DRY) 
NATURAL GAS IN A STRAIGHT SHOT GENERATOR 


Analysis Air Stack Blue Cracked 
(cases (sas Gas 
Pet. Pct. Pet. Pet. Pet 
CO>2 2.1 0.05 2.05 
C,H, 1.2 7 1.2 
at a. ; ae 0.3 v 
i . aah _ 13.6 ae | 13.6 
_. ies 48.3 — 14.2 31.1 
CH, . - . 33.0 sie 0.25 32.75 
Ne .. ee 1.2 0.3 ae 
100.0 1.5 0.35 33.1 65.05 
B.t.u. per cu.ft. 
> 7s ..559.0 . = 310.2 701.4 
Note: 523 cu. ft. of the natural gas were required per 1000 f reforme 
gas ¢ traight shot’ generator 
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Blue "Stack Final | 


Natural Cracked 
Gas Gas Gas Air Gases Gas | 
Cubic feet of each......... Fa 1,000 1,430.8 788.4 34.8 65.0 2,319.0 
Cubic feet of carbon SIRS RT | Bn St + 387.9 — 364.3 ats a 23.6 
Re Sk cts 1,203,000 1,061,367 234,864 ais em 1,296,231 
B.t.u. in carbon (461.15 B.t.u. 
| EE ey OH selon Ree + 178,880 — 167,997 ines ae 10,883 
B.t.u. in gas and carbon .. 1,203,000 1,240,247 66,867 vee face 1,307,114 
Heat of reaction, B.t.u... #3 37,247 66,867 adi pie 104,114 | 
Sensible heat in gases 
(60° to 1700°F.)....... a 78,893 26,219 (1093) ** (2197) ** 105,112 | 
Sensible heat in carbon | 
ae + 6,862 — 6,444 uss" Me: 418 | 
Sensible heat in excess steam 
i gt "S-og & sea ae + 16,620 fag owe 16,620 | 
Sensible heat supplied by steam 
. phe es gh RBOOREAER RPP — 4,664 oan We — 4,664 
Total heat required of checkers ks 123,002 98,598 ae i 221,600 
Heat required per M reformed gas=95,558 B.t.u. 
*It is assumed that 50% of the steam is decomposed. 
**This heat is not taken from checkers as it is retained in the combustion pro- 
ducts from the heating period. Of course this heat along with the sensible heat of 


the stack gases and other losses must be supplied by the heat oil. 


SE 


Compressor Stations* 
HEAT DISSIPATION FROM DRY EXHAUST LINES 


T the present time, two methods of installing gas engine ex: 
haust lines are in general use. 

The “bottom exhaust” method is to run the exhaust piping 
in a trench, tunnel, or basement, under the engine room floor, to 
a point outside the building. The “top exhaust”, or overhead 
method is to run the exhaust piping vertically from the exhaust 
valve cage up through a hole in the roof of the building. 

It is well known that approximately one-third of the heat of 
combustion generated in a gas engine is wasted in heating the 
gases which pass to the atmosphere via the exhaust piping. Dur- 
ing normal operations, the temperature of this piping is raised 
to about 400 degrees F. 

When the bottom exhaust method is used, and no special means 
provided to dissipate the heat radiated from the piping, the engine 
room floor and atmosphere become uncomfortably hot. The top 
exhaust method overcomes the problem of hot floors, but the room 
temperature is somewhat higher, and the hot exposed exhaust pipes 
are a fire hazard. In either case, however, the chief damage 
done is the lowering of operating personnel efficiency. 

A more recent experiment consisted of suspending a sheet of 
metal in a horizontal position midway between the exhaust pipe 
and the bottom of the floor slab. This scheme was not successful, 
as the sheet of metal would in time reach a temperature midway 
between that of the piping and the floor slab, after which it had 
little effect upon the heat transfer. 

At the Ventura Fuel Company’s plant, which operates 760 H.P. 
twin tandem double-acting gas engines, the floor temperature orig- 
inally averaged 180 degrees F. As complete jacketing of the ex- 
haust lines appeared impracticable, it was decided to suspend a 
sheet of asbestos millboard, supported by corrugated iron sheet- 
ing, between the floor and the exhaust piping. This installation 
reduced the floor temperature 60 degrees F., without any detri- 
mental effect upon the dissipation of heat from the exhaust line. 


At a plant at Signal Hill, which contains 160 H.P. units, iron 
plates are used to cover the exhaust pipe trenches from the en- 
gines to the outside walls of the building. A thermometer 
mounted directly over the center of the floor plates showed a tem- 
perature of 250 degrees F. 

The mufflers are mounted in a vertical position outside the 
building wall. One of these mufflers was jacketed with a piece of 
12-gage (U.S. Std.) riveted casing (A—Fig. 1). which extended 
up about 5 feet above the end of the muffler outlet. A funnel 
(B—Fig. 1) was installed on the end of the muffler outlet to divert 
the exhaust gases outward, thereby inducing a draft inside of the 
casing. In this way a movement of air is set up through the jacket 


* Committee Report: C. S. Pool, Chairman, Ventura Fue! Co.: S. S. Don- 
aldson, So. Calif. Gas Co.: F. Driggers, Ventura Fuel Co.: Grove Lawrence. So. 
Calif. Gas Co.; A. B. Newby, So. Calif. Gas Co.; O. A. Philpott, P. G. & E 
Co.; H. V. Powell, Ventura Fuel Co.; T. C. Wallace, So. Counties Gas Coa. 


and through the exhaust line trenches under the floor plates. After 
this equipment was put into operation, the aforementioned ther- 
mometer dropped from 250 degrees to 100 degrees F., thereby 
greatly improving working conditions in the engine room. 

A thermometer wired on a bare muffler, and another on the 
casing, outside the building wall, showed 380 degrees Fahrenheit, 
and 180 degrees Fahrenheit respectively. Thus the accident and 
fire hazards caused by hot mufflers and exhaust lines are elim- 
inated, and engine efficiency is increased by removing a source of 
heat that is adjacent to the air intake pipe. 

In the case of top exhaust engines, the temperature of the sur- 
‘ounding air has been materially rediced by jacketing the exhaust 
lines with a light steel casing, which may be from 2 to 4 inches 
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Fig. 1. Draft inducer. 
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Fig. 2. Portable device for measuring dust content of air. 


larger in diameter than the O.D. of the exhaust pipe. This jacket 
is left open at the top and bottom, the top extending through the 
engine house roof. Sufhcient draught is induced, between it and 
the exhaust pipe, to dissipate most of the heat. 

The light casing serves a second purpose by preventing com- 
bustible material from coming in contact with the hot exhaust line, 
and it also protects the operators from accidental burns. 


Several methods of reducing engine room temperatures have been 
tried in the past. At one plant using the overhead exhaust, the 
piping was jacketed with asbestos. This effectively reduced the 
temperature of the air within the engine room, but the exhaust 
pipe itself became so hot that the metal gradually oxidized and 
crumbled away, leaving only the shell of asbestos remaining. 
This experiment demonstrated that any successful method must 
not decrease the dissipation of heat from the piping. 


These experiments have proven that the floor and atmospheric 
temperatures in engine rooms can be lowered to a satisfactory value 
by controlling the dissipation of heat from the exhaust lines. Close 
observation has indicated that the efhciency of the operating per- 
scnnel is materially increased when a comfortable temperature is 
maintained. 


AIR FILTERS ON GAS ENGINE INTAKES 


One of the recent developments in accessories for internal com- 
bustion engines is the air filter, or air and dust separator, the pur- 
pose of which is to prevent silica and other abrasives from enter- 
ing the engine cylinders with the charge of air. It must be kept 
in mind, however, that the wear due to abrasives entering with 
the intake air may be negligible as compared to that caused by 
excessive carbon deposit, or insufhcient lubrication. For this rea- 
son it is felt that satisfactory lubrication must be achieved before 
the advantages of an air filter can be realized. 


The air filters suitable for use with gas-engines may be grouped 
into two general classes: the felt bag type, and the oil type. 

As the name implies, in the first type, the intake air is caused to 
pass through one or more pieces of felt cloth, usually made in the 
form of a bag, and supported on a wire framework. The dust 
settles upon the outside of the bag, from which it is brushed or 
blown off at suitable intervals. 


The second type of filter consists of a box-like framework, or 
cell filled with oil-soaked steel wool or similar material, through 
which the dust-laden air is caused to pass. The dust is deposited 
on the oil film as the air passes on, into the cylinder. When the 
oil becomes saturated with dust, the filter is washed and then 
dipped in fresh oil. 


The oil type of filter can be made to clean itself automatically 
by suspending the cells on a slowly revolving endless belt, the 
lower portion of which passes through a tank of light oil. 


The prime requisite of any type of filter is, of course, that it 
remove practically all the dust from the air passed through it. 
Second in importance is the requirement of a very low resistance 
to the passage of air, not only when the cells are freshly cleaned, 
but during the entire run, up to the time of the next cleaning. A 
third consideration is the ability of the filter to successfully with- 
stand the shock of a severe backfire. However, some manufacturers 
of felt bag filters maintain that an occasional backfire is not un- 
welcome, as it blows the dust off the surface of the bags. Finally, 
the item of low maintenance cost is to be comsidered. Cells, or 


sections, should be of light weight, and readily accessible, so that 
they may be cleaned easily. The period between cleanings should 
be as long as possible. 

In a broad sense, the study undertaken by your committee had 
two objectives. First was the determination of the conditions 
under which an air filter would be an economical investment. 
Some little consideration has been given to the problem of furnish- 
ing a test that would enable those charged with the design of a 
compressor plant to say of a given locality, “An air filter is needed 
here,” or “An air filter is not needed here.” 

This involves setting up a relation between dust concentration 
in air, and cylinder wear. Before so doing, it becomes necessary 
to determine the ratio of total cylinder wear to wear chargeable 
to abrasives introduced into the cylinder via the air intake. Un- 
fortunately, it cannot be assumed that this ratio is always propor- 
tionate to the percentage of silica present in the carbon deposit, and 
therefore a carbon analysis is of little value for our purpose. 

It is felt that the only satisfactory method of isolating the wear 
due to dust only, is to install an air filter on one cylinder of a twin 
engine provided with new power pistons, rings and liners. During 
the operation of this unit, the dust content of the surrounding 
atmosphere should be measured at suitable intervals. Upon the 
completion of a test run of twelve months, the two cylinders could 
be measured, and a fair idea of wear chargeable to dust would be 
obtained. 

Through the cooperation of several manufacturers, your com- 
mittee was able to install three filters on the two twin 160 H.P. 
engines at the Southern Counties Gas Company’s Santa Paula 
plant. The set-up consists of one “Protectomotor” felt bag type 
filter; one “Annis” felt bag type filter; and one “Reed” oil type 
filter, the fourth intake being left unprotected. 

Your committee was unable to secure air filters in sufhcient time 
to permit of a test being run upon which conclusions could be 
drawn, and definite recommendations made regarding the most 
practicable type of filter. 

In order to develop the relation between wear due to dust 
particles, and the dust content of air, a portable measuring device 
was constructed which consisted of a fan type blower of known 
capacity connected to a special filter of the felt bag type. ‘The 
removable felt bag is to be weighed before and after a test run, 
so that the percentage of dust in the air can be readily calculated 
This device is shown in Fig. 2. 

Due principally to the fact that your committee’s blower and 
test filters have been in operation but a short time, no positive 
results can be presented at this date. A recent examination of the 
Santa Paula engines, which are protected by air filters, showed a 
marked reduction of dust deposit in the three mixing valves as 
compared to that on the unprotected engines. 

Very little choice appears between the three filters at this time. 
Each appears to intercept most of the dust. The cells of all three 
ar readily accessible, easily cleaned, and substantially bu:lt. Water 
columns showed a partial vacuum of from 1 to 2 inches, and the 
readings for each filter have not increased one-tenth of an inch 
since the test was started. 

The results of a series of tests made by the United States War 
Department in 1924 definitely established the value of air filters 
installed on automobile engines. Their method was to mount two 
new engines on test blocks, and connect the carburetor air intakes 
with a specially prepared “dust box.’’ The hose leading from the 
box to one intake was left unprotected, and the other was provided 
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with a suitable filter. It was found that at the end of the equiva- 
lent of 3,000 miles, the unprotected motor was completely worn out, 
whereas the protected motor was in first class condition. Further- 
more, the unprotected motor showed a 40 per cent higher oil con- 
sumption. 

In conclusion, your committee recommends the following: 


That in the design of future compressor plants, provision be 
made for exhaust line heat dissipation by methods similar to the 
ones described herein, and that wherever practicable in existing 
plants, alterations be made so as to permit the same benefits being 
derived. 

That with the cooperation of air filter manufacturers, a series 
of additional tests, similar to that in progress at Santa Paula, be 
conducted over a period of 12 months. The engines on which 
the tests are to be made should be fitted. with new cylinder liners, 
pistons, and rings. The engines should be operated for approxi- 
mately two weeks to allow the new parts to become broken in, 
after which the cylinder liner, piston and rings should be carefully 
measured and the measurements recorded before beginning the 
actual test. Dust concentration measurements should be taken 
at suitable intervals, throughout the year, to compensate for 
seasonal changes. 

Loads, lubrication, cooling and other operating conditions should 
be duplicated as nearly as possible on each unit undergoing the 
test, so that the only variables encountered will be the concen- 
tration of dust in the air and the wear due solely to abrasives 
entering via the air intake. A test such as this should provide 
enough data to establish a definite relation between average dust 
concentration and resulting cylinder wear. 

Acknowledgment is made to the Staynew Filter Corporation, 
the Reed Air Filter Co., the Annis Filter Co., and other manu- 
facturers and their representatives, who kindly supplied equipment 
and data for this report. 


Field Testing of Large Volume 
Displacement Meters* 
4a~ committee has confined its efforts to determining the best 


method to use in testing large volume positive meters in the 
field. 

Since a small error in this class of measurement would cause 
an appreciable difference in the revenue, it is desirable to test 
meters of this size more frequently than is the practice for domestic 
meters. 

It is more economical to test these meters in the field than to 
bring them to shop for this purpose. How- 
ever, there are many meters which are 
set in locations not suitable for field test- 
ing. In this case the meters are brought 
to the shop for testing after they have 
passed a given quantity of gas. 

Since it is necessary to test a large 
number of these meters in the field the 
committee has investigated the methods 
used in testing them and also the ele- 
ments that affect the accuracy of these 
tests. 

Meter testing in the field may be ac- 
complished by any of the following meth- 
ods: 

With a flow prover. 
With a funnel prover. 
With a test meter. 
With a critical prover. 


B. G. Williams 


Chairman 


> wh 


The Flow Prower 


A sketch of this prover is shown in Fig 1. This was made up 
of two pieces of 2-inch pipe with an orifice installed between 
them similar to an orifice meter. The length of the pipe from the 
orifice to the outlet end is 8 pipe diameters. The length from the 
inlet end to the orifice is approximately 2 feet. However, a longer 
pipe may be used. The pressure off-take is located 1 pipe dia- 
meter upstream from the orifice. A straigthening vane consisting 
of a nest of small tubes is located on the upstream side of the 
orifice at least 5 pipe diameters from the pressure off-take pipe. 


*Report of Committee: B. G. Williams, Chairman, So. Calif. Gas Co.; F. M. 
Cota, San Diego Cons. G. & E. Co.; H. M. Crawford, L. A. G. & E. Corp.; 


C. N. -Fulcher, Pacific Meter Works; F. A. Hough, So. Counties Gas (o.; 
M. Levering, So. Calif.. Gas Co.; R. M. Stewart, P. G. & E. Co.; F. H. 
Winslow, So. Counties Gas Co. 
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In testing with this prover a constant pressure is maintained on 
the upstream side of the orifice. The diameter of each orifice is 
such that a given quantity of gas will pass per hour if a certain 
pressure is maintained on the upstream side of the orifice. 

The water pressure required to pass a given amount of gas per 
hour is given in the following formula: 


H = 141.9 BG 
T 
in which 

H = differential or pressure at the up-stream tap. 

B = barometric pressure in inches of mercury at 32 degrees F. 

G = specific gravity of the gas (in this case for air G = 1.00), 

T = absolute temperature of the gas in degrees F. 

This prover was tested with air using as a standard at 120 foot 
bell prover belonging to the Southern Counties Gas Company at 
Los Angeles, and described by last year’s committee in Vol. 20, 
Page 361, P.C. G. A. Proceedings. 

The water pressure on the flow prover was measured by means 
of a slope gage. The glass on this gage was % inch internal dia- 
meter. This practically eliminated capillary attraction. The slope 
was such that 5 inches along the gage was required for each inch 
of water pressure. 

The tests were made in a room of constant temperature and the 
air was circulated from floor to ceiling with a fan. 

Comparing the flow prover with the bell prover as a standard, 
the error on the flow prover is shown in Table No. 1. 


TABLE NO. 1—FLOW PROVER COMPARED TO BELL 


PROVER 
: | : Rate of sie 
Orifice Flow Prover Error 
Diameter Cubic Feet in % 
BES RE ART Inches per Hour Pena eer oe 
Ist Test 0.299 25 Ist 1.52% — 


2nd 1.84% — 
2nd Test 0.497 600 ist 1.00% — 
2nd 1.52% — 
3rd 1.20% — 
4th 0.80% — 


5th 0.83% — 

3rd Test 0.640 1000 Ist 0.00% — 
2nd 0.56% — 

4th Test 0.920 2200 Ist 0.80% — 
2nd 0.40% + 

Sth Test 1.206 5000 Ist 2.30% —* 
« 


_ 2nd 2.30% - 


$s 


* The pressure for this test was 6.02 inches of water and the flow 
computed. The required pressure was 7.96 inches. The loss 
in pressure from the inlet of the orifice prover to the pressure 
top was 2.2 inches of water. 

A larger prover of this type is being made and it is planned 
to check it with the bell prover and include the result in this 
report. 


This prover is designed to use approximately 8 inches of water 
when testing with air, as compared to 4 inches vsed with the 
funnel prover. 


The advantages of this prover are: 


1. An error in reading a water column of this height would 
have less effect on the accuracy of the prover than the same error 
would have on a prover using a lower water column. 

2. It is light and easy to handle. 

3. Very little computation is required to obtain the results. 

4. Since the prover is reassembled for each test, there is not 
much likelihood of errors from dirt. 


Funnel Prover Tests 


These tests were made with the same bell prover and other 
equipment, and under the same constant room temperature condi- 
tions as were used in testing the flow prover. 

Funnel Prover No. 596 was the first prover tested. This is used 
by one of the member companies for testing meters in the shop. 

It is a circular funnel prover with a 4 inch inlet and the face 
contains: 

9 orifices: 1% inch in diameter. 
1 orifice: 1 inch in diameter. 
1 orifice: 3% inch in diameter. 
1 orifice: ™% inch in diameter. 


A sketch of this prover is shown in Fig. 2. 


Some of these tests were run at the required pressure, approxi- 
mately + inches of water according to the standard practice of 
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using funnel provers and some at higher pressures of 6 and 8 
inches. These higher pressures were to give a comparison of the 


funnel prover with the flow prover under similar conditions. 


TABLE No. 2—FUNNEL PROVER COMPARED TO BELL 


PROVER 
Pressure Rate 
inProver of Flow % — Bell as 
Size of Orifice inches of cubic feet Standard 
water per hour 
No. 5 1%” Dia. 4.00 3,600 0.2% — 
No. 5 114” Dia. 7.89 5,060 0.5% + 
No. 4 1%” Dia. 4.00 3,600 0.2% — 
No. 2 114” Dia. 4.00 3,600 0.1% — 
Nos. 4 and § 4.00 7,200 0.4% — 
Nos. 2 and 5 4.00 7,200 0.1% + 
Nos. 2 and 5 6.48 11,130 0.7% + 
Nos. 2, 4 and 5 4.00 10,800 0.7% — 
No. 4 and 1 inch 4.00 5,200 0.8% — 
No. 4 and 1 inch 4.00 5,200 0.2% — 
No. 5 and 1 inch 4.00 5,200 0.7% — 
Five 14” Orifice 
Nos. 2, 4, 5, 8 and 9 3.85 0.5% — 
Six 114” Orifice 
Nos. 2, 3, 4, 5, 8 and 9 3.05 18,780 0.7% — 
All Orifices 
Nine 114”, 1", 34", 1%” 1.55 21,675 0.5% — 
%” and 4” 4.00 1,300 08% — 
1,” 4.00 400 0.6% + 
1,” 8.39 576 0.5% + 
1,” 8.33 574 0.00 
‘” 8.07 564 0.7% + 
344,” 4.00 900 0.3% — 
34” 8.14 1,276 0.5% — 
344” 6.57 1,147 0.13%— 
1” 4.00 1,600 1.0% — 
e 4.00 1,600 1.0% — Second Run 
e 4.00 1,600 0.75% Third Run 
i 4.00 1,600 1.0% Fourth Run 
1” 8.33 2,298 0.00 
_ 8.32 2,295 0.1% + 
1” and 3%” 4.00 2,500 1.0% — 
1” and 34” 4.00 2,500 0.7% — 
1” and 3%” 8.11 3,540 0.00 
1” and %” and %” 8.08 4.100 0.2% — 


(uw 


Average of tests of 1%” orifices at 4” pressure is 0.4%— and at 
8” pressure 0.6%+. Average of tests of small orifices, 4” pres- 
sure, 0.5%— and at 8” pressure, 0.05%—. 


Comparison of Funnel Prover No. 569 with 120 cu. ft. Bell Prover 


This prover is a small one, the face of which is rectangular in 
shape, containing six holes 1% inches in diameter, one 1-inch, one 


A 


34 inch, one % inch and one % inch in diameter. 


— 


Upon receipt of this prover from the factory it was tested at the 
required 4-inch pressure and found to be accurate within 1 per 
cent, so at this time our efforts were principally confined to tests 
at higher pressures in order to determine that it would be feasible 
to use this type of funnel prover at higher pressures, so as to 
minimize any error that might occur in reading a water column, 
thus availing ourselves of one of the advantages of the flow 
prover. 


TABLE NO. 3 


_ 


Pressure %o— 
in Prover Rate of Flow Bell as 


Size of Orifice Inches Water Cu.ftpr.hr. Standard 


144” No. 3 7.72 4,975 0.7%o+ 
1144” No. 4 7.70 4.970 0.3%— 
Two 114” Nos. 3 and 4 6.23 8,945 0.00 

Three 11%” Nos, 3, 4 and 5 5.05 12,090 0.7%— 
Four 114” Nos. 1, 3, 4 and 5 3.82 14,000 0.00 

1 inch 4.00 1,600 1.7%— 
<7 4.00 900 4.1%— 
4,” 4.00 400 4.95 %o— 
4" 4.00 100 9.3%— 
1”, 34”, ’%", %” together 7.84 4,180 2.8%— 


After this prover had been received from the factory each hole 
was given a number, and brass tags indicating these numbers were 
soldered to the face of the prover close to their respective orifices. 
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It is possible that the heat then applied so near the small orifices 
affected them to cause the errors shown. 

When using the four small holes, if the volumes are pro-rated 
according to the capacity of the individual orifices, and corrected 
for the error of each, the theoretical error at the rate of 3000 cu. 
ft. per hour is 3.1 per cent slow. Our test shows 2.8 per cent 
slow, which shows that the error is in each orifice and no fault 
can be found with the design of the prover. 

The orifice prover is used in general practice for testing large 
volume positive meters. 

Since the accuracy of this prover practically all depends on the 
orifices, any condition which will affect them may change the ac- 
curacy of the tests. 

The care that must be exercised is illustrated by the results 
shown on the small orifices of prover No. 569 after the tags have 
been soldered on. 

The committee recommends that an orifice prover be checked 
about once a year against a standard prover. 


Test to Determine the Effect of Wind on a Funnel Prover 


These tests were made by comparing funnel prover No. 596 
with the 120-foot bell prover. The entire set-up was the same as 
was used in the preceding tests, except that a motor driven 
blower was used to create a wind. ‘This blower had a 3-inch 
diameter outlet. The wind velocity was measured with a Short 
and Mason Anamometer. 

In order to determine the velocity of the wind the blower was 
allowed to operate with the air current unobstructed. The anamo- 
meter was then moved back and forth in the center of this cur- 
rent until a location was found which would give the desired 
velocity of the wind. 

In making these tests the prover was located in these positions 
with the orifice in use in the center of the wind area. 

During the tests the water column was shielded from the wind. 
Although this funnel prover had been checked many times with 
the bell prover, we ran a few check tests without turning on the 
wind. These were as follows: 


0.2%—, 0.1%—, 0.2%+ O. K. 


Orifice No. 6 A-1'™ Orifice 
0.5%—, 0.5%—, A-1 


Orifice No. 2 4” Orifice 
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The wind was then turned on directly against the face of the 
prover. As only one 14-inch hole was open and the wind was 
produced through a 3-inch opening which was several feet from 
the prover, the wind area had spread until it covered practically 
the entire face of the prover. The results of these tests were as 
follows: 


Velocity of Wind Yo Error of Orifices 


A 


26 miles per hour 0.5% + Orifice No. 6 
26 miles per hour 0.7% + Orifice No. 6 
25 miles per hour O. K. Orifice No. 2 
19 miles per hour O. K. Orifice No. 2 
9.3 miles per hour 0.7% — Orifice No. 2 


The next tests were made with the wind blowing at a right 
angle from the funnel prover. The results were as follows: 


Velocity of Wind Yo Error of Orifices 


26 miles per hour 9.9 % — Orifice No. 6 
26 miles per hour 9.8 % — Orifice No. 6 
29 miles per hour 9.1 % — Orifice No. 6 
22 miles per hour 3.86% — Orifice No. 6 
13. miles per hour 2.57% — Orifice No. 6 
13. miles per hour 2.57% — Orifice No. 6 
8.5 miles per hour 1.48% — Orifice No. 6 
8.5 miles per hour 1.0 % — Orifice No. 6 
9.2 miles per hour 1.68% — Orifice No. 6 


This shows that a wind blowing from this direction causes a 
larger error in the results than if it were blowing directly against 
the prover. 

With wind blowing at an angle of 45° from behind the prover. 
This test was not satisfactory as the funnel shielded itself from 
the small current of wind we were able to produce, in a different 
manner than it would in an actual wind, when the funnel would be 
completely enveloped in the moving air. 


Velocity of Wind 
25 miles per hour 


Yo Error of Funnel 
2% — Orifice No. 6 


With the wind blowing against the face of the funnel at an 
angle of 45°. 


Velocity of Wind Yo Error of Funnel 


27.5 miles per hour 7.0 Yo — Orifice No. 6 
14.2 miles per hour 1.29% — Orifice No. 6 
9.5 miles per hour 1.96% — Orifice No. 6 


With wind blowing from directly behind the funnel prover. 
Velocity of Wind 


26 miles per hour 0.7% — 


% Error of Funnel 


If a funnel prover were pointed upward during a test, then a 
wind from any direction would be at right angles to the face of 
the prover, and the foregoing tests show that wind blowing from 
right angles causes much more inaccuracy in the results than if 
it were blowing from any other direction. 

It may be further noticed that there is but little error caused 
from the wind if it is blowing directly against the face of the 
prover or from directly behind. Also a wind blowing at 45° 
against the face of the prover caused a larger error than the same 
wind blowing directly against the face. 

A prover should be set in a horizontal position with the wind 
blowing either from behind or directly against the face of it. 

There are several other factors which enter into the accuracy 
of testing meters with a flow prover or a funnel prover. These 
are the barometric pressure, the accuracy of the water column 
used, and the specific gravity and temperature of the gas. The 
methods of determining the barometric pressure, specific gravity, 
and temperature are well established, and their accuracy has been 
accepted. 

The accuracy of the water column, however, has been questioned 
many times. So in order to get some information on this sub- 
ject the committee compared a number of water columns. These 
consisted of three helical gages, one U tube with glass of 3/16- 
inch diameter, one water column with gage glass “%-inch internal 
diameter, one pot gage with water column ‘%-inch internal di- 
ameter and the heretofore mentioned slope gage. These were 
compared for each inch of pressure from zero to 6 inches. 

We found that these gages varied more than 1/10 of an inch 
at various times during the test. These were tested on a header 
where there was possibly less pulsation in the gas than there is on 
the water column during a meter test. 

This pulsation had a tendency to counteract the effect of cap- 
illary attraction, and a very slight pulsation should assist in ob- 
taining an accurate reading on the water column. 

The committee depended upon the slope gage at the laboratory 
for its results. However, it is not practical to use a gage of this 
size for field testing. For field work we recommend either a pot 
gage with a water column of at least %-inch diameter or a ver- 
tical U gage with a water column of the same diameter. 
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A device has been arranged which will slide up and down on 
the water column. This has horizontal wires, one in the front 
and the other at the rear of the gage glass. By setting these 
wires at the height of the water column and reading across so 
that they are in line with the meniscus, the accuracy of reading the 
water column will be greatly improved. 


Test Meter 


Testing meters with a test meter has not come into common 
use among operating companies on the Pacific Coast. However, 
the factories use this method satisfactorily. 

In testing a meter of one capacity with a test meter of another 
size the characteristic of the test meter must be taken into con- 
sideration. By the characteristic we mean the curve of the error 
of the meter at various differentials, or rates of flow. 

While this is not great at any point, yet if one meter is operating 
at the maximum error, and is compared to a meter operating at 
a rate that will give a minimum error, the two meters will not 
agree. ‘Therefore it is necessary to make a correction for the 
characteristic of the test meter. 

Many meters of 5000 cu. ft. capacity at 2-inch differential are 
operating where a differential of only '%4-inch is allowed. At 
this rate the meter is passing from 2000 to 2500 cu. ft of gas. 

These meters could be tested with a test meter that is a size 
smaller. The test meter could be operated at a 2-inch differential 
and the other meter at ™%-inch differential. 

An 80 B Metric or No. 3 Emco could be used as a test meter 
to test all meters except those of 10,000 cu. ft. per hr. capacity, 
and the 5,000 cu. ft. per hr. meters that are working at a high 
differential. 


Critical Flow Prover 


The committee this year made no investigation on the critical 
flow prover. In order to test with this prover it is necessary to 
know the specific gravity of the gas, the chemical analysis, and 
to have a pressure greater than 15 pounds. However, if these are 
known, and the pressure is available, we judge from work al- 
ready done on the critical flow prover that it will give suitable 
results. 


Conclusions 


The work this year has made the committee members feel more 
confidence in the accuracy of the funnel prover and the orifice 
prover as a means of testing meters in the field. 

We believe that the funnel prover can be accurately operated 
with an internal pressure up to 8 inches of water. By using this 
pressure the slight error caused by inaccuracy in reading the water 
column will be minimized. 

We recommend, however, that all provers used for this work 
must be checked by a bell prover. 

While our experiments show that a wind of 26 miles per hour 
blowing directly against the face of the prover during a test 
would cause less than 1 per cent of error, we do not recommend 


‘this practice. 


The wind used for our tests was a steady draft, while the 
wind outside is liable to eddy or veer and thus affect the results 
very seriously. Owing to this condition we do not recommend 
that testing be done in a wind greater than five miles per hour 
and preferably not that. 


Transmission Pipe Lines* 


Pipe Lines has undertaken to study and report on two prob- 
lems: 

First: Design and location of equipment for removal of liquid 
and solid impurities. 

Second: The design and capacity of bleeders. 

The removal of impurities from natural gas before it reaches the 
distribution system is an important factor in the natura! gas busi- 
ness, and failure to accomplish this may cause untold trouble. 

The design and capacity of various sized bleeders have long 
been a subject of much discussion, but this committee has been 
unable to find any record of any studies on the subject. 

Unfortunately this committee was unable to complete its work on 
the first subject, and it is suggested that the incoming committee 
carry on the work during the coming year. A progress report of 
the work done by the committee on this subject follows: 

Since by far the greater portion of the “so-called” dry gas used 
on the Pacific Coast is casinghead gas from which the commercial 


1) Fire r the past year, the Sub-Committee on Transmission 
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hydro-carbons have been extracted by various processes, the com- 
mittee felt that the extraction of solid impurities was of minor 
importance, and all studies were devoted to the removal of liquid 
impurities. Until recently, very little thought has been given to 
locations and capacities of main line drips, and such drips were 
usually designed, using the principle of decreased velocity and 
change of direction. 

This committee hoped to be able to make investigations to deter- 
mine the efficiencies of various types of drips under various pres- 
sure and volume conditions, and set about developing means of 
determining the moisture content of gas 
under flowing conditions. A great deal 
of work was done by the committee in 
attempting to develop a satisfactory means 
of determining the moisture content of 
flowing gas. Several known methods are 
entirely satisfactory in determining the 
percentage of saturation of flowing gas, 
but the results obtained when applying 
these methods to gas carrying free water 
were absolutely unreliable and _ incon- 
sistent. 


The first method tried in attempting to 
discover the efhciency of various types of 
drips was the drying tube method. In all 
of these tests there were two complete 
outfits which made it possible to deter- 
mine the condition of the gas on each side 
of the drip simultaneously. In Fig. No. 1 
is shown the apparatus of the drying 
tube method which consisted of a 5/16 inch O. D. sampling tube, 
a “U” tube filled with calcium chloride, a tube filled with glass 
wool and phosphorous pentoxide, and a positive dry test meter 
with a dial graduated to 1/10 of a cubic foot. 

The sampling tube made of seamless steel tubing was closed 
at the end which was introduced into the line except for a hole 
in its side which could be placed against the flow of gas in the 
line. This tube was introduced into the line through 1-inch cor- 
poration cocks by a special bushing and packing gland. The sam- 
pling tube forked at the other end, allowed the drying tubes of 
Ca Cl. and Pz O; to be connected to one of the branches as shown 
in Fig. No. 1. The other branch was opened to the air sufficiently 
to cause a velocity through the sampling tube as great or greater 
than that in the line itself. The control valve on the branch was 
then opened sufhciently to allow about 12 cu. ft. per hour to pass 
through the drying tubes; the gas being measured after it passed 
through the drying tubes. When 4 or 5 cu. ft. had passed through 
the drying tubes, they were weighed, having been weighed before 
the test started, the difference in weight was the amount of water 
absorbed from the measured amount of gas, and by use of the 
formula on Page 377-78 of Vol. No. 18, Proceedings of Pacific 
Coast Gas Association, the percentage might be determined. 

The principal reason this method was discarded was in the 
sampling. The test only made use of a small part of the gas 
drawn from the line. In passing over the sharp bend above the 
pipe, water was condensed out by restriction. This water fell 
into the drying tubes, thus giving a false reading. 
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In Fig. No. 2 is shown the apparatus of the condenser method 
which consisted of the sampling tube, condenser (a coil of %-inch 
O. D. copper tube with a trap in the bottom immersed in an ice 
bath), and the measuring device. Also a connection to allow the 
use of a drying tube of P2 O; to be sure all the water above the 
saturation was being removed. The idea of this method was to 
make use of a larger quantity of gas under conditions similar to 
those in the line in regard to pressure and velocity. One of the 
reasons this method was discarded, was the difficulty in obtaining 
a satisfactory method of measuring the amount of a gas (from 100 
cu. ft. to 1000 cu. ft. per hour) with any degree of accuracy. 

The first measuring device used was the 2-inch orifice well 
tester. This was found unsatisfactory because it would neither 
check against itself nor against a master meter. 

The second measuring device was the 2-inch orifice meter. This 
meter magnified the known sources of error of the orifice meter 
to such an extent as to be as much as 20 per cent in error on 
100 cu. ft. 

The third measuring device, a 60-B Metric Positive Meter, was 
satisfactory as to accuracy, but unsatisfactory in the fact that it 
was very cumbersome. 

The condensers made of 25 feet of %-inch O. D. copper tubing 
coiled in an 8-inch coil 20 inches long and placed in a 10-inch 
cylinder as shown in sketch, proved unsatisfactory also. ‘The 
reason, while built exactly the same, having same volume of gas 
passing through, same temperature of ice bath at the same time, 
the amount of water removed would not be the same, which was 
probably due to the method of draining off the sample from the 
main line. The method of determining the percentage was the 
same as in the first method. 

The third method used is shown in Fig. No. 3, and is known 
as the wet and dry bulb method. The gas was taken from the 
line and allowed to expand from the %-inch control valve into 
a 2-inch expansion chamber, at approximately atmospheric pressure, 
where it passed first a dry bulb thermometer, then a wet bulb 
thermometer about 4 inches downstream. The relative humidity ’ 
was determined by difference in the usual method, as used with a 
sling psychrometer, and calculated back to the line conditions. 


The principal reason for discarding this method was variance 
in results under the same conditions as the amount of gas through 
the instrument was varied. 


These inconsistencies, the committee feels, were all due to the 
method of sampling, it being impossible to maintain the ratio of 
free water and gas taken out through the sampling tube the same 
as the ratio of free water and gas in the transmission line. ‘The 
committee believes that much useful data can be obtained if a 
simple and accurate method of sampling the gas can be worked 
out. 


From the study of this problem and usual observations during 
the experiments, the committee feels that a great deal more than 
principles involving change of directions and decreasing velocity 
is needed for the satisfactory removal of free liquid impurities 
carried along with natural gas. The committee feels that while 
it is essential that these principles be incorporated in any drip 
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design, it is equally important that the incoming gas be divided 
into as many streams as possible while flowing through the drip, 
and that these streams be made to come in contact with as much 
surface as possible on which the free liquids may impinge. It 
is also important to make provisions for the removal of these 
particles of impinged liquids from the path of the flowing gas 
Several scrubbers or drips now on the market are attempting to 
utilize these principles for liquid removal. 


Location of Drips 


It is doubtful if the proper thought has been given to the proper 
location of drips and scrubbers on transmission lines. Most of 
the gas delivered into transmission systems comes from gasoline 
extraction plants or compressor plants, and the temperature of the 
gas entering the system greatly influences the location and type of 
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drip to be installed. It is the usual practice to install a substan- 
tial scrubber on the outlet side of these plants before the gas 
enters the transmission system, but if the gas is hot, the ability of 
the gas to hold moisture in the form of water vapor is greatly 
increased, and it is evident that as this gas cools, its ability to 
hold this water vapor decreases, and the water vapor will con- 
dense, and provision must be made somewhere along the trans- 
mission lines to remove this liquid. 


When the gas temperature has reached the minimum ground 
temperature, no further condensation will take place, and it is 
recommended that a substantial drip be located near this point. 
It is not likely that much liquid will be removed beyond this 
point if adequate provisions have been made for its removal. 
Due to the decrease in pressure, the gas would probably pick up 
any water which passed the drip, and it would be carried along 
as water vapor. 


The committee does not recommend the point of minimum 
ground temperature as the ideal location for the most substantial 
drip investment on a transmission line, but mentions it merely 
as a fixing point beyond which drips or scrubbers are of doubtful 
value. 


The ideal location for scrubbers would be at the outlet of gaso- 
line or compressor plants with gas temperatures approximating 
the minimum ground temperature or dew point. However, it is 
usually impractical, and the expense unwarranted, to cool the gas 
to this temperature, and for this reason, matn line drips are 
necessary. It is important that any liquid condensed be removed 
as soon as possible, as the pressure of liquid under certain condi- 
tions causes internal corrosion. 


The practice of delivering hot gas into the transmission systems 
cannot be condemned too strongly, as, in addition to possibly caus- 
ing internal corrosion, the pressure of a large amount of water 
vapor, which later condenses, reduces the capacity of the pipe- 
line system. Cases have also been noted where the protective 
coatings on pipelines have been ruined for a considerable dis- 
tance from compressor plants, due to delivering gas into the 
transmission system at excessive temperatures. 


It is impossible in this report to give data showing the temper- 
ature of the gas at various points along the pipeline, as this is 
dependent upon many variables. Table No. 1 shows the results 
of a test on a 12-inch line in southern California: 


Experiments conducted in southern California would indicate 
that the ground temperature at a depth of 3 feet below the surface 


TABLE NO. 1 
Test Gas Temp. Gas Temp. Gas Temp. Gas Temp. Gas Temp. Gas Temp. Volume per 
No. at Plant 3Mi.from 6.4 Mi. from 8.1 Mi.from 10.4Mi.from 12.5 Mi. from 24 Hours 

va Plant ° F Plant °F Plant ° F Plant °F Plant ° F M. C. F. 

| 1 105 78 66 19,285 
| 2 111 78 67 23,390 | 
| 3 113 80 67 24,528 | 
4 100 80 67 ue on as 23,529 | 
5 116 78 65 - iii 24,825 | 
f 119 80 65 st om 24,715 | 
| 7 120 82 65 ‘a wi 22,231 | 

g 108 77 65 Ss eS 15,846 

9 95 70 64 cae 15,708 

| 10 106 75 63 a 20,288 

| 11 118 81 63 ie 24,146 

| 12 118 76 61 ei 20,888 

| 13 120 82 61 an 26,645 
14 121 82 62 oft 27,716 | 
15 108 83 62 wot 27,752 | 

16 111 82 60 25,361 

17 100 77 60 21,797 
18 100 78 60 22,686 : 

19 103 76 60 23,236 

20 97 76 59 22,274 

21 92 74 60 21,049 


Te 


Wd TT pag hae 


September, 1930 


is about 15° to 20° above the average minimum atmospheric 
temperature. 


It is, of course, impossible to determine at what point gas in a 
transmission line will reach minimum ground temperature, but 
a study of the temperatures in the above table, together with an 
investigation as to the average minimum atmospheric temperatures 
will serve as a guide for the location of main line drips. 


An interesting comparison of maximum and minimum tempera- 
tures with ground temperatures at various depths is to be found 
in Serial 2857, Department of Commerce, Bureau of Mines, en- 
titled “A Comparison of Ground Temperatures at Different Depths 
and Temperature Fluctuations of the Atmosphere” by E. L. 
Rawlins and T. W. Johnson. 


The Design and Capacities of Bleeders 


The design of bleeders or blow-offs has been well covered in 
the committee report on Natural Gas Transmission Lines in the 
Proceedings of the Pacific Coast Gas Association, Volume 20, 1929, 
page 394. 


No literature seems to be available from which one may compute 
the time required to blow down a known volume of gas to the 
atmosphere through an orifice. Many engineers’ handbooks give 
formulae for finding the time required to empty a tank of liquid 
through a short tube or orifice, but it was found that these formulae 
were not applicable to compressible fluids, and the committee con- 
ducted a series of experiments to determine the required time to 
blow down a known volume through different sized bleeders, and 
from various initial pressures. A container made of several joints 
of large diameter pipe welded together was constructed, and the 
cubical contents carefully computed. Various sized bleeders of 
small size were then welded to this container. The diameter of 
these bleeders was carefully measured. 


This container was installed at a location where high pressure 
gas was available, and it was blown down to atmospheric pres- 
sure from various pressures as high as 275 pounds, and the time 
taken to blow it down was carefully noted. A recording pressure 
gage with a 30-minute clock was also installed to determine the 
type of curve on these tests. The recording pressure gage in all 
the experimental and check tests was located about 3 feet from 
the blow-off. A formula was then developed, and tests were run 
on 8-, 12-, and 16-inch lines, and the results obtained were checked 
very closely with the results obtained on the test set-up. 


A series of curves was then prepared showing the length of 
time required to blow down one mile of different sized line to the 
atmosphere from various pressures through different sized bleeders. 


These curves, Figs. 4 to 8, have been calculated, based on the 
results of these tests, and the time slhiown is based on the bleeder 
consisting only of a short nipple whose length is twice its diameter, 
and a full opening gate valve. However, in practice, this condi- 
tion is usually impossible, and a line is blown down through a 
valve and a section of pipe, and sometimes several fittings. Tests 
indicate that the actual time required under practical conditions 
to blow down lines is about 6624 per cent greater than is shown 
on the curves. 


The time shown on these curves is also based on instantaneous 
opening of the blow-off valve on the bleeder. This is physically 
impossible, and sometimes it is not advisable to open the valve 
wide, even after the pressure has dropped to such an extent that 
this is possible. 


When using these curves, this must be taken into consideration 
in estimating the time necessary to blow down lines, and it must 
also be remembered that at best, these curves can only be approxi- 
mate, as the temperature of the gas and its specific gravity also 
affect the time to a certain extent. The curves are based on tests 
made with natural gas having a specific gravity of about 0.70, 
and a temperature of 70 degrees Fahr. 


On several tests the temperature of the pipeline was noted during 
the blow down, and no appreciable temperature change was 
noticeable. 


It was further noted that on several tests where the line was 
blown down through Venturi-type valves, the required time was 
100 per cent greater than the time shown on the curves. It is 
recommended that on blow-offs, full opening valves be used. 


Thrust Stresses 


During the meetings and discussions of this committee, several 
subjects were brought out that should be mentioned, and while 
no work was done on these subjects, the committee feels that they 
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Why California is on almost 100 per cent natural gas service may readily be understood from the map 
above giving principal fields in the state —Copyright September, 1930 


The West’s First Butane Plant* 


N MARCH 22, 1930, the Southern Counties Gas Company 

of California placed in operation a butane gas system in 

Moorpark, California. This is the first town gas system on 
the Pacific Coast in which liquefied petroleum gases are utilized. 
Interest centers in the Moorpark plant chiefly because, unlike all 
of the existing butane distribution systems in the Middle West and 
East, undiluted butane and propane gases are distributed rather 
than a mixture of these gases with air. The methods developed 
for the Moorpark system are now being 
applied by some of the southern Cali- 
fornia gas companies to the extension of 
gas service into small communities and 
districts just beyond the reach of their 
existing gas distribution systems. The 
rather general applicability of the meth- 
ods used at Moorpark to the solution of 
the problems involved in extending gas 
service into new territory, has prompted 
a more detailed report herein on the 
Moorpark system than its size and im- 
portance would otherwise warrant. 


Description of the Moorpark System 


Moorpark is a small town of approxi- 
mately 500 inhabitants, located in Ven- 
tura County, about 23 miles due east of 
the city of Ventura. ‘The homes are 
modest cottages for the most part. Per- 
haps 30 per cent of the inhabitants are 
Mexicans. With the exception of a well constructed high school 
and grammar school, there are no large potential users of gas in 
the community. The town was considered a likely place in which to 
experiment with a butane system, for it is compact and presents 
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* Report Butane Committee: F. A. Hough, Chairman, So. Counties Gas Co.: 
A. B. Allyne. So. Counties Gas Co.; C. D. Aseltine, So. Calif. Gas Co.; R. L. 
Cook, So. Calif. Gas Co.; F. M. Cota, San Diego Cons. G. & E. Co.: M. Dorf- 
man, So. Calif. Gas Co.; R. E. Haun, So. Calif. Gas Co.; D. D. Purrington, 
Standard Oil Co.; Ted Rosebaugh, Shell Oil Co.; C. E. White, San Diego Cons. 
G. & E. Co. 


no distribution system construction difficulties; then too, it is lo- 
cated within 9 miles of a town in which the Southern Counties Gas 
Company now operates a natural gas distribution system and from 
which town the Moorpark system can be operated. A natural gas 
transmission line runs within a few miles of Moorpark so in case 
the Moorpark system proves impractical, natural gas can be sub- 
stituted without great difficulty. 

The gas supplied to the Moorpark consumers is a mixture of 
propane and butane having a heating value of approximately 2830 
B. t. u. per cubic foot. 


The gas is distributed at low pressure (11” water) through 2 


and 3-inch mains, and is metered to the consumer through tin gas 
meters equipped with a special index so geared that it registers in 
pound units rather than cubic foot units. The pound unit was 
selected to make easy a comparison of the rates charged by the 
gas company with those charged by companies selling liquefied 
gases in small containers, and to make difhcult a direct comparison 
of gas rates on a cubic foot basis in Moorpark with those in sur- 
rounding towns supplied with natural gas. 

The operation of the Moorpark plant is extremely simple. Liquid 
is drawn from the bottom of a 2200-gallon storage tank, passed 
through a pressure regulator and then a heat exchanger. The 
pressure regulator reduces the liquid pressure from that existing 
in the tank (85 Ibs. per sq. in. at 73°F) to about 10 Ibs. per sq. 
in. The heat exchanger consists of two concentric tubes. Hot water 
passes through the inner tube and the liquified gases are vaporized 
in the annular space. From the heat exchanger, the gases pass to 
a gas pressure regulator where the pressure is reduced to 11 inches 
of water. They then pass to a station meter and the gas distribu- 
tion system. By vaporizing the liquid in this manner, a gas of 
constant heating value is obtained in spite of the fact that the 
liquid supply is a mixture of propane and butane. 

A stand-by system of regulators is provided which will draw gas 
from above the liquid surface in the storage tank in case the main 
system freezes up or fails for any other reason. 


A plant of this type, since it contains no moving machinery, and 
since it consists only of standard equipment such as automatic 
storage water heaters and gas regulators, can be operated without 
attendance. In Moorpark a gas company employee visits the 
system only once a week to check up on the supply of liquid in 
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storage, to change the chart on the pressure gage at the plant, 
and to make service calls. 


Liquefied gas for use in Moorpark is purchased at a natural gaso- 
line absorption plant located in Saticoy, Calif., just 13 miles from 
Moorpark. The gas is transported to Moorpark by the gas com- 
pany in a 1650-gallon high pressure tank mounted on a trailer. 
The trailer is towed with a service truck which, each time a load 
is hauled, must make a round trip from the city of Ventura to 
Moorpark via Saticoy, a total distance of 46 miles. Approximately 
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48—5 It. tin meters with special indices............ 421.44 
SPOR A ae BEF Ie Rye Pe 205.44 
Ragustertae expense ................................... anil 69.00 
695.88 
Total for distribution system.................... $11,394.47 
Total for plant and distribution system $14,751.31 


} 


3 hours are required, including the unloading time. 


The gas rates in effect at Moorpark are as follows: 


Consumer charge............ $1.25 per consumer per month. 

Commodity charge (to be added to the consumer 
charge) ) 

First 100 lbs. per consumer per month............ 4c per lb. 

All over 100 Ibs. per consumer per month........ 2c per Ib. 


(1 lb. contains approximately 21,000 B. t. u. 


Capital Cost Data for Moorpark System 


The capital expenditures at Moorpark to date are as follows: 


1. Land and Improvements: 


o. Fee calle a oa tte 685.90 
(Space 20 ft.x50 ft. actually used) 
b. 109 linear feet of fence ........................ ie eS: 176.10 
ie REAL ETS AE Cr ee ane ae Pe 27.96 
RRR ISS SSIs DERE SS SSD Ci vA 512.13 
1,402.09 
2. Mechanical Equipment: 
a. 2—4G horizontal Reliance regulators 7-inch 
NE SERMONS I ee See tS AAR Se SNE . 42.00 
b. 1—%3-in. h.p. compound type Reliance gas 
IR rig 08, 2s c= Smee ae SR a 12.00 
c. 1—No. 2 Hotzone automatic storage water 
RE RET em AI eee Seine ok TP AMEE Tela) on See 
d. 1—Heat exchanger ............. aihdladsianiiciiantibiniaiiesd 30.51 
e. l1—Mercury seal relief valve .......................... 33.46 
f. 2—'%-inch Purox regulators ........... Hay ec 37.65 
g. 1—80-B Metric meter ..... Thee NON ST ‘hibit 96.00 
h. 1—Duplex recording pressure gage .............. 78.00 
ie ne ey ae 226.88 
il Sate RE We EE TAR «Si 8 ES, as Ac eo 8.61 
ip EE ciate nants cheat REIN ELS RRL eta ee OOD 19.64 
628.05 
3. Storage Equipment: 
a. 1—2200 gal. riveted steel tank 54-in. dia. x 
19 ft. lonfi. 7/16-in. shell with triple riveted 
butt joints, “%-inch dished heads. Designed 
for 150 lbs. per sq. in. working pressure, ex- 
clusive of all valves, fittings, etc..................... 625.00 
> meGweoed erage for tenk............................... 15.24 
c. Wooden platform alongside of tank ............ 8.00 
648.24 
4. Labor and Overhead: 
RENT, SiN ce ot GR Rise oe SORE ARER Se 367.39 
eR SERA fis RM OF TENTS 120.15 
c. Engineering expense ........................-..- i 190.92 
678.46 
Grand total for plant -....................... abs. $3,356.84 
DISTRIBUTION SYSTEM 
1. Mains: 
3218 ft. of 3-in. and 8928 ft. of 2-in. low pres- 
ure mains, and 5 concrete vaults around 7 
valves and 4 valves installed without vaults 8,661.72 
Engineering expense ....................-.-..-.....<... idea 956.57 
9,618.29 


2. Services: 


88—34-in. low pressure services from main to 
property line, totalling 1916 ft. of 34-in. 
wrapped pipe ............. sbi efcliihdaieelistelge eeathiaae haigetila'es osbtde 974.32 
Engineering expense ..... ssmsasaiicaliiamen sabiibatorckimen-atesti 105.98 


1,080.30 


On a meter basis the total investment is $307.32 per meter. 


When all of the 88 services which have been signed and paid for 
from property line to house become active, the investment per 
meter will be $174.22. 


If and when all of the available business is obtained, there will 
be approximtely 150 meters and the investment per meter will then 


be approximately $112.50. 


Operating Cost Data for Moorpark System 


The following data are for the first two months of operation: 


TABLE NO 1. 


2 Mo. 

April May Total 

In storage first of month—pounds 5,850 8062 5,850 
Purchased during month—pounds................ 6,200 1,660 7,860 
Sub Total—pounds.. in . 12,050 9,722 13,710 
Balance in storage end of month—pounds.. 8,062 4,834 4,834 
Sendout for month—pounds............................ 3,988 4,888 8,876 
Sales for month—pounds......................2.....---- 3,146 3,989 7,135 
Company use—pounds. ...............-..ceecceeeceeeeeeees 217 215 432 
Total accounted for—pounds ............. Ce Se 3,363 4,204 7,567 
Unaccounted-for—pounds  ................--..-...------ 625 684 1,309 
Mean active meters for month ................. ion 41.4 48 44.7 
Gross revenue $166.46 $193.21 $359.67 
Avera WA eciiccicssosccas oF LEP Oapaat Se eee Pa $4.02 $4.03 $8.05 
Unit consumption—pounds.............................. 76 83 159 
550 B. t. u. equivalent gas—cu. ft................. 2,902 3,169 6,071 
Unaccounted-for % of sendout.................... 15.7 14.0 14.7 


Unaccounted-for—cu. ft. per mile of 
main per year ............. ce RL OO 24,450 25,900 25,175 


Cost of butane at Saticoy......$0.0111 per lb. 


Cost of transportation............ 0.0019 per Ib. 
Cost in storage tank ................ $0.013 per Ib. 
TABLE NO. 2 
2 Mo. 
April May Total 
Gross revenue $166.46 $193.21 $359.67 
i EIA a ONES $ 51.90 $ 63.60 $115.50 


Distribution station labor (CRC No. 792)... 11.69 30.75 42.44 


Distribution station supplies 


(ain Oe a ee 2.00 2.00 4.00 
Inspections on Consumers Premises 

RES ln ON 74.68 5.91 80.59 
Meter Reading & Collecting 

(CRC No. 823). 5.77 3.39 8.16 
Total Direct Costs $146.04 $105.65 $251.69 


Available for fixed charges, taxes, 
overhead, etc. $ 20.42 $ 87.56 $107.98 
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Discussion of Results Obtained at Moorpark 


The foregoing tables disclose that the Moorpark project has not 
yet proven itself a financial success. However, the results for the 
first two months of operation are not in the least discouraging. 
At present only about one-third of the potential business that’ can 
be served with the present equipment has been connected. There 
seems now, however, little doubt that all of the business will even- 
tually be obtained. Operations to date have thoroughly demon- 
strated that the existing system and rates are capable of giving a 
gas service second to none in quality and lower in cost than elec- 
tricity or kerosene—the two fuels which gas is displacing in Moor- 
park. When the business has been more thoroughly developed it 
seems probable that the system will earn a fair return on the 
investment. 


The chief value of the Moorpark experiment lies, however, 
not in the revenue which it can eventually bring in, for that must 
always be small, but in that it demonstrates a method whereby 
new territory can be supplied with excellent gas service at economic 
rates until such time as the territory develops to the point where the 
city mains can be extended to it. Apparently here is a method 
which will make it possible for gas companies, in southern Cali- 
fornia at least ,to extend into new territory in some cases with even 
greater ease than do the electric companies. 


Later Developments Resulting from the Moorpark Experiment. 


As a result of the favorable results obtained at Moorpark, four 
other plants of the same type are now under construction in south- 
ern California. Two of these are being built by the Southern Coun- 
ties Gas Compny and two by the Santa Maria Gas Company. 
Still other plants may be started in the near future. The two 
plants now being constructed by the Southern Counties Gas Com- 
pany are in subdivisions to which the extension of natural gas lines 
is not now justified, but which can probably be supplied with na- 
tural gas within the next few years. These two cases afford ex- 
cellent examples of the manner in which butane can be used to 
stave off electrical competition. 


One of these plants is being built in La Habra Heights, an area 
northeast of the town of Whittier, that is being subdivided into 
5-acre or smaller highly restricted homesites. 


The mains will be so laid that when natural gas is finally 
brought into the territory they will form a part of the natural gas 
distribution system. Gas will be measured to the consumers 
through gas meters and the service will be of the same high quality 
in every respect as that supplied with natural gas. The gas rates 
must of course be higher than the existing natural gas rates, be- 
cause of the higher initial cost of the gas used. 


Storage tanks to be provided will be of sufhcient capacity to store 
approximately one year’s gas supply. ‘The plants will require no 
more attendance than any regulator station on a natural gas dis- 
tribution system. With the exception of the higher first cost to 
the gas company of the gas used, the operating costs should be 
little, if any, higher with butane than with natural gas. 


As the first result of proceeding with this plan, the gas company 
has had the satisfaction of seeing the first large house in the tract 
equipped with two gas ranges, a gas water heater, gas furnaces 
and three gas refrigerators. 


The other plant now being constructed by the same company is 
located in the beach territory which stretches from the westerly 
limits of the city of Santa Monica to the little sea coast town of 
Hueneme, in Ventura County, a distance of some 40 miles. 


The recent completion of a new State Highway through this 
territory has made parts of it accessible to the public for the first 
time and has resulted in considerable development. Between 200 
and 300 fine homes have been built along the beach and in the 
mountains which rise just back of the beach. In addition to these, 
over 1000 small summer homes have been built. The territory is 
developing rapidly and has a promising future. 

Although the Southern Counties Gas Company supplies the ter- 
ritory at both ends of this stretch of beach, it has found it impos- 
sible to supply natural gas to the inhabitants of the area because 
of the length of mains required and because of the seasonal charac- 
ter of some of the business. The electric company, however, has 
extended its lines throughout the territory and is now supplying 
a large portion of the energy and fuel requirements of the area. 


Some of the district is so mountainous and cffers so many difh- 
culties to gas distribution system construction, and the character of 
the load is so seasonal, that it may not be desirable gas territory 
for many years. However, there are a number of very compact 
colonies scattered through the territory which, if they can be 
reached, offer very desirable business. 


By building butane plants in these compact colonies the cream of 
the business can be obtained at this time. As the colonies spread 
out and the business develops, gas mains can be extended or new 
plants built. When the proper time comes these small isolated 
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distribution systems can be connected and all supplied with natural 
gas, and the butane plants can be taken out and moved elsewhere. 


It is quite possible that within the next year or two, five or six 
small butane distribution systems will be installed in this area. 
The first of these plants is now being constructed near the inter- 
section of Las Flores Canyon Road and the State Highway. From 
this plant it will be possible to serve two good sized restaurants, 
10 substantial homes and some 60 or 70 beach and mountain cabins. 
The plant is located just within the borders of a highly restricted 
subdivision which will eventually afford desirable business. 


In the development of methods for carrying out the program just 
outlined, considerble thought has been given to the design of the 
butane plants. An attempt has been made to hold the investment 
involved to a minimum, consistant with safety, reliability and low 
operating cost. The total cost of each plant will range from 
$1000 to $3000, the cost depending upon the storage and delivery 
capacity provided, the cost of the land upon which the plant is lo- 
cated and the type of housing provided. 

Since these plants are being located, for the most part, in high 
class residential districts, and must therefore be either completely 
hidden or attractive in appearance, designs have been prepared 
for underground stations that can be located either in parkways 
or streets or on private property. 


The tentative rates proposed for butane service of the type just 
described are as follows: 


Service charge $1.25 per consumer per month 


Consumption charge (to be added to service charge) ; 


First 100 Ibs. per consumer per month.................... 4c per lb. 
Next 400 Ibs. per consumer per month....................3¢ per Ib. 
All over 500 Ibs. per consumer per month............2%c per Ib. 


(1 lb. contains approximately 21,000 B. t. u. 


These rates expressed in more common gas units are: 


Equivalent Rate Equivalent Rate Equivalent Rate 


for 1100 B.t.u. for 550 B.t.u. for 
Butane Rate gas. gas. Electricity 
(Cents perlb.) ($ per M.c.f.) ($ perM.c.f.) (Cents per K.w.h.) 
4 2.10 1.05 0.65 
3 1.57 0.788 0.488 
2.5 1.31 0.657 0.406 


These rates have not: yet been approved by the California State 
Railroad Commission. 

The criterion which should be used to determine whether butane 
service or natural gas service should be provided for a given com- 
munity should be the relative cost of the two gases delivered to the 
borders of the community. ‘The distribution and commercial costs 
from that point on are common to both services and need not, 
therefore be considered. ‘The quality of the service which can be 
rendered with the two gases is also the same. 


A brief calculation of the relative cost of butane and natural 
gas delivered to the La Habra Heights district previously de- 
scribed above will perhaps be illuminating. 

In that particular instance it would have been necessary to run 
2 miles of main to supply the first house built in the tract. Prob- 
ably a 3-inch main would have been laid. At $0.70 per foot this 
main would have cost $7,400. The fixed charges on the invest- 
ment would have been approximately $740 per year. Assuming 
that at the outset there will be no leakage on this line and that 
there will be a load of 200 M.c.f. per year and that the cost of the 
gas at the inlet of the line is 25 cents per M.c.f., the annual cost 
of the gas delivered at the other end would be 200 x $0.25 plus $740 
or $790, which is $3.95 per M.c.f. 

Butane can be purchased for 1 cent per |b. and hauled to the 
La Habra Heights station for $0.25 per lb. The cost of the butane 
plant will be about $1100 and the annual operating cost of the 
plant will be about $25. Two hundred M.c.f. of 1100 B. t.u. na- 
tural gas are approximately equivalent to 10,500 lb. of butane. The 
total cost of this butane ready for distribution will then be: 


Fixed charges on plant investment . | 7 $110 
Operating cost of plant -........................ : , 2s 
Cost of butane in storage tank . UE 131 


Total $266 
266 . 
— = $1.33 = cost of butane equivalent to 1000 cubic feet of 
200 
110 B.t.u. gas. 
Since natural gas delivered to the district costs the gas company 


$3.95 per M.c.f. while an equivalent amount of butane delivered 
to the district costs the gas company only $1.33, it is evident that 


ee ee 
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at the outset the chances of supplying the district with gas at a 
profit are much better with butane than with natural gas, in spite 
of the fact that natural gas is available at a low cost only 2 miles 
away. 


The Relative Merits of Straight Butane and Diluted Butane 
Systems. 

It is obvious that butane-air mixing piants could not be used 
for the type of development for which butane is now being used 
by southern California utilities. Although the methods being ap- 
plied at Moorpark and elsewhere were developed to take care of the 
special case where very small communities or districts located near 
an existing gas system are to be supplied with gas service pend- 
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ing the further development of the business, it does not necessarily 
follow that the same methods cannot be advantageously employed 
to serve larger towns up to those of, say, 10,000 population. 

The first utilization of butane in a gas distribution system oc- 
curred at Linton, Indiana. In that particular case butane was 
used to revive a manufactured gas property which had been run- 
ning in the red for several years and was on the verge of com- 
plete financial collapse. It was vital that conversion to butane be 
made as quickly as possible and at minimum expense. Since a gas 
distribution system already existed which was adequate for han- 
dling a 550 B.t.u. gas of high specific gravity and since the substitu- 
tion of a 550 B.t.u. mixture of butane and air involved only minor 
readjustments of appliances, and since much of the equipment re- 


NO. 3. 


PRESENT AND PROPOSED RATES ON COMMERCIAL BUTANE FROM PRODUCTION POINTS IN THE VICINITY 
OF LOS ANGELES, CARLOADS VIA RAIL IN DOLLARS AND CENTS PER _ 100 


POUNDS, ALSO IN CENTS PER GALLON. 


Proposed 5th Class 
Based on actual weight of 
4.87 lbs. per gallon 
$ per 100 Ibs — $ per Gallon 


Refined Oil Rate 
Based on weight of 
6.6 lbs. per gallon 
$ per 100 Ibs. — $ per Gallon 


Present 4th Class Rate 
weight actual 4.87 lbs. 
per gallon 
$ per 100 Ibs. — $ per Gallon 


California 


I ia 1.08 .052 85 .041 55 .036 
EEE =: 1.00 .048 .78 .037 75 049 
 £ aa 81 .039 71 .034 .63 .042 
Dunsmuir ........... 1.12 .054 88 .042 85 .056 
ate aan te eo. A .73 .035 57 .027 54 .036 
GEOR OO Nicht 53 .025 38 .018 36 .024 
SOE sch dacnitipcbbageiesuideds 53 .025 .38 .018 36 .024 
Sera ae 1.02 .649 82 .040 73 .048 
ES ER aoe .60 .029 45 .822 43 .028 
os 53 .025 38 .018 36 .024 
ID oo sic ocntoutilitiibaeatoee 39 .019 .28 .013 18 .012 
a .78 .038 .63 .030 32 .021 
a 1.14 .055 92 .044 .65 .043 
Arizona 

eT .74 .036 .62 .030 40 .026 
Kingman .93 .045 78 .038 0 .046 
Prescott 1.15 .056 .96 .047 70 .046 
oe 1.00 .048 83 .040 70 .046 
Flagstaff 1.18 .057 99 .048 .70 .046 
Globe 1.51 .073 1.26 .061 80 .052 
RES are ee 1.51 .073 1.26 .061 .80 .052 
‘Tucson 1.12 .054 .93 .045 70 .046 
Holbrook 1.30 .063 1.09 .053 .70 .046 
Nogales ..... 1.22 .059 1.02 .049 .70 .046 
. * eee ee 1.09 .053 91 .044 70 .046 
Nevada 

ae ....... es .053 84 .041 84 .055 
Tonopah .. eS .065 1.15 .056 1.15 .076 
Las Vegas .90 .043 .76 .037 .66 .043 
Oregon 

Portland 1.11 .054 .78 .038 43 .049 
Salem ...... 1.31 .064 95 .046 .90 .059 
_ RARER ar cor serene 1.50 .073 1.10 .054 1.01 -067 
Roseburg .... 1.69 .082 1.28 .063 1.15 .076 
ERR RS REE ES TT <8) 1.49 .072 1.18 .058 1.15 .076 
| Ie SEA RAR 1.95 095 1.50 .073 .94 .062 
Pendleton ...... 1.72 .084 1.29 .063 1.04 .068 
Washington 

Seattle . | 1.52 .074 1.12 .054 .90 .059 
Bellingham . 1.75 .085 1.37 .067 1.01 .067 
Port Angeles . 1.85 .090 1.45 .071 1.23 .081 
Longview 1.38 .067 1.01 .049 .97 .064 
Wenatchee . 1.97 .096 1.50 .073 1.26 .083 
I ata ia 1.94 095 1.48 .072 1.06 .070 
British Columbia 

Vancouver, B. C. . 1.84 .090 1.78 .087 1.15 .076 


——$ > - 
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quired for a butane-air mixing plant was already on hand in the 
manufactured gas plant, it was logical to substitute a butane-air 
mixture for manufactured gas. 


The Linton, Indiana, venture was successful. Because of the vast 
improvement in the quality of the service which resulted from 
the substitution of a butane-air mixture for an only partially puri- 
fied manufactured gas, the tide was turned; instead of continuing 
to lose business, the gas company began to gain business. Lower 
operating costs also resulted. 


Other butane systems have since been put into operation, all of 
which utilize a butane-air mixture. Practically all of the proposed 
butane systems on the west coast are to utilize a butane-air mix- 
ture. Perhaps in all these cases a butane-air mixture has -been 
selected in preference to other possibilities after a careful consider- 
ation of all the factors involved, and then again perhaps the mixed 
system has been chosen simply because it has been partially proven 
a success and the builders of the new systems do not care to try 
something new. 


If the leakage is high in an existing manufactured gas system 
which is to be converted to butane and provision cannot be made 
for amortizing the gas plant if it is made inoperative, there is little 
doubt but that a diluted butane system of some sort should be used. 
Whether air should be used as the diluting medium or not is open 
to question. A 550 B.t.u. mixture of butane and air contains 83.1 
per cent air. The pumping of moist air from the atmosphere in 
such quantities into a steel gas distribution system can only result 
in serious internal corrosion. Either the air must be dehydrated or 
an inert or very lean gas must be used for dilution. 


If an existing gas distribution system is in excellent shape 
physically, or if the money is available to put it into first class 
shape, and the gas plant has already been written off, or if it can 
be amortized after being made inoperative, the substitution of 
straight butane for manufactured gas should prove practical. 


It is in a new gas system where there is no money tied up in a 
useless plant and where the distribution system can be designed to 
meet the special requirements, that the full advantages of a 
straight butane system can be enjoyed. 


Leakage is a problem of paramount importance in the distribu- 
tion of straight butane gas. Since the value of straight butane is 
almost five times as much per unit of volume as is the value of a 
550 B.t.u. mixture of butane and air, it might be concluded that 
the cost of leakage with the former gas is going to be five times 
as much as with the latter. There are compensating factors, how- 
ever, that make this conclusion erroneous. In the first place, the 
B.t.u. transport capacity of a main of given size for a given pres- 
sure drop is approximately 5.65 times as great when straight butane 
is used as it is when a 550 B.t.u. air-gas mixture is used. Con- 
sequently, a distribution system designed for the distribution of bu- 
tane at low pressure would have to be operated as a high pressure 
distribution system if a 550 B.t.u. air-gas mixture was used. The 
increased leakage resulting from the higher operating pressure 
would tend to offset or perhaps completely eliminate the advantage 
gained by distributing gas of lower unit value. 


If the system is built capable of distributing an air-gas mixture 
at low pressure, then the fixed charges on the difference between 
the cost of the straight gas and mixed gas system would tend to 
offset the greater cost of the leakage on a straight gas system. 


Then, too, since leakage mitigation is essentially an economic 
problem involving a balance between cost of the leakage and cost 
of the mitigation, it follows that the most economical volumetric 
leakage on a straight butane system must be much lower than on 
a butane-air system. The correct comparison to make then is a 
comparison between cost of leakage plus leakage mitigation on a 
straight butane system with the sum of the same costs on a diluted 
butane system. It is impossible to predict the ratio of these two 
sums. However, if the original gas distribution system is properly 
constructed, leakage on a straight butane system can probably be 
held down to a value that will make the total operating cost for 
such a system decidedly less than for a diluted butane system. 


Other problems enter into a consideration of the relative merits of 
of the two types of systems. One of these is the quality of the 
service which can be rendered with the two systems. In general, 
appliance adjustment problems connected with the utilization of 
liquefied petroleum gases are few in number and not at all serious. 
Either system can render excellent gas service. The adjustment 
problems encountered are common to both. 


The butane committee is making a thorough study of the rela- 
tive investments and operating costs required for butane plants of 
various sizes and types. ‘This study will be included in the com- 
mittee’s report to be presented at the convention in Pasadena this 
fall. 

In the addenda to this report data concerning transportation 
costs for butane are given which will be useful to anyone who 
cares to apply to his local conditions the cost data given herein. 
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Determination of Small Concentrations 
of Hydrogen Sulphide 7» Manufactured 
Oil Gas 


By Hartwick BARNES 
San Diego Consolidated Gas and Electric Company 


HE importance of hydrogen sulphide as a factor in the 

internal corrosion of gas mains and meters was pointed out 

by Watson (1) and emphasized by Speller (2). In order 
to estimate the magnitude of its effect, it is necessary to know how 
much of the impurity enters the distribution system. The usual 
periodic tests are not sufhciently sensitive to the small concentra- 
tions of hydrogen sulphide often encountered and, not being con- 
tinuous, may miss fluctuations. 

An investigation was therefore conducted for the purpose of 
finding a suitable test for the average determination of hydrogen 
sulphide in gas over relatively long periods of time, when present 
in concentrations so low as to be undetermined by the usual short 
time tests. This paper, which embodies the results of the investiga- 
tion, includes the following: 


I. Synopsis of Methods of Previous Investigators for Determin- 
ing Hydrogen Sulphide in Gas Mixtures. 
II. Discussion of the Methods Described in Part I. 


III. Proposed New Test for the Estimation of Low Concentra- 
tions of Hydrogen Sulphide in Gas. 
IV. Summary and Conclusions. 


I. SYNOPSIS OF METHODS OF PREVIOUS INVESTI- 
GATORS FOR DETERMINING HYDROGEN SULPHIDE IN 
GAS MIXTURES. 


A study of the literature discloses that the various methods which 
have been proposed for the determination of hydrogen sulphide in 
gas mixtures may be classified in a general way according to the 
manner in which this constituent is absorbed, as follows: 
Absorption in alkaline solutions. 

Absorption in alkaline solutions of metallic salts. 
Direct absorption in standardized iodine solutions. 
Absorption in neutral or acid solutions of metallic salts. 
Abserption in solid absorbents. 

Direct oxidation to sulphuric acid. 

. Direct colorimetric tests. 


The paper by Jordan and Fulweiler (3) deserves special mention 
because of the valuable work done by these investigators and the 
excellent bibliography included. 


1. Absorption in alkaline solutions. 


The use of potassium and sodium hydroxide for the absorption 
of hydrogen sulphide is often recommended. The Gas Chemists 
Handbook gives a method in which the gas is passed through 2N 
sodium hydroxide solution. The solution is then acidified with 
hydrochloric acid and treated with N/100 iodine solution. Refer- 
ence is also made in the Handbook to a modification of the above 
method by H. J. Bean (4). In this modified procedure barium 
chloride solution is added to the sodium hydroxide after absorp- 
tion of the hydrogen sulphide and before acidifying with hydro- 
chloric acid. The chemists of the United States Steel Corporation 
use the former method.(5) 

Stone and Wiig(6), after trying several methods, decided on 
sodium hydroxide as the most satisfactory absorbent for hydrogen 
sulphide in illuminating gas. The absorption is made in a train 
of five bottles, each containing 100 cc of approximately 2N caustic 
soda, and one bottle containing lead acetate paper. <A wet test 
meter follows the train. After the run has been completed the 
absorption solution is made up to one liter. 

Twenty-five cc of the absorption solution is pipetted into a 
suction flask, 25 to 50 cc of water added together with a few 
drops of paranitrophenol indicator. From a burette a known 
amount of N/10 iodine solution is run into a separatory funnel. 
To a second separatory funnel a quantity of approximately: 2N 
hydrochloric acid is added. A few drops of starch solution are 
now added to the suction flask. With the iodine separatory funnel 
in place of the neck of the flask, suction is applied to the side 
arm of the latter, and then closed off by means of a pinch clamp, 


thus leaving the flask under partial vacuum. The separatory fun-, 


nel containing the acid is connected to the side arm of the flask 
and by opening the pinch cock acid is run in until the solution 
is slightly acid. The funnel containing the acid is disconnected, 
keeping the pinch clamp closed. The iodine is run into the flask 
and the funnel washed several times with distilled water, the 
washings being run into the flask. The excess iodine is titrated 
with N/10 sodium thiosulphate solution and then iodine added to 
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the blue end-point. From the number of cc of iodine used in the 
titration and the volume of gas passed, the hydrogen sulphide con- 
tent is calculated. 

A correction is provided to allow for thiocyanates which may 
be present in the gas. A portion of the original absorption solu- 
tion is measured into a beaker, the hydrogen sulphide removed by 
a suspension of lead carbonate, and the filtrate treated with silver 
nitrate to determine the sodium thiocyanate present. 

Jordan and Fulweiler mention (3), in addition to the methods 
given in the Gas Chemists Handbook, Marshall’s test, consisting 
of absorption of hydrogen sulphide in sodium hydroxide and pre- 
cipitation by the addition of arsenite of soda. In a method cred- 
ited to N. Greville, the gas is passed through a solution of am- 
monium hydroxide and the hydrogen sulphide determined by titra- 
tion with ammoniacal copper nitrate solution. 

Ioan Chiochina(7) filters the gas to be tested through cotton 
wool, passes it through Ca(OH). water which absorbs the hydro- 
gen sulphide. The determination is made in the following man- 
ner: 

A current of CO, (freed from H2S by means of HgCl.) is passed 
through the solution and the evolved H.S is absorbed in Cd and Zn 
acetate solutions. The solution is: Ad(OAc)2, 28 g, Zn(OAc): 
112g, AcONa 280g, AcOH Scc, H:O 7 liters. An excess of iodine 
solution is added together with 25 cc of HCI (1:3), and the excess 
is titrated with Naz S2O; solution. The method is claimed to be 
accurate for both routine and research work. 


2. Absorption in Alkaline Solutions of Metallic Salts. 


The use of alkaline (ammoniacal) cadmium chloride solution 
as an absorbent for hydrogen sulphide in manufactured gas is 
probably an adaptation of the method for determining sulphur in 
steel by evolution.(8) Among the methods published for the chem- 
ists of the United States Steel Corporation(5), the following solu- 
tion is proposed as an absorbent for hydrogen sulphide in gases; 
cadmium chloride, 5 grams; water 375 ml, ammonia, 625 ml. 
After passing gas through this solution, the mixture is acidified 
with hydrochloric acid and the liberated hydrogen sulphide titrated 
with standard iodine solution. The use of ammoniacal zinc sul- 
phate in the same manner as the ammoniacal cadmium chloride 
is also suggested by the United States Steel Corporation. 

Ammoniacal silver nitrate has also been used. According to 
Jordan and Fulweiler the silver sulphide is filtered off, oxidized 
with nitric acid, the silver removed and the sulphuric acid pre- 
cipitated with barium chloride. 

H. Greville(10) passed the gas through a standard solution of 
ammoniacal copper sulphate in order to absorb the hydrogen 
sulphide. 


3. Direct Absorption in Standard Iodine Solutions. 


The Tutweler method(11) is probably used more than any 
other in gas purification control. The procedure is described 
in detail in the Gas Chemists Handbook. A sample of the gas 
to be tested is drawn into a special measuring burette containing 
starch indicator solution. Standard iodine is measured into the 
burette and the end-point determined by the appearance of the 
blue color of the starch. A blank is run on gas free from hydro- 
gen sulphide to determine the quantity of iodine solution necessary 
for the end-point. 

Dennis (9) states that hydrogen sulphide may be quantitatively 
determined by Dupasquier’s method. A measured quantity of the 
gas is drawn into a solution of iodine in potassium iodide to 
which some starch paste has been added. The operation is stopped 
as soon as the solution becomes colorless. The reaction is: 


HoS + 21 —> 2HI4 8 


but according to Dennis, the reaction follows this equation only 
when the solutions are very dilute and are protected from direct 
sunlight. 

In a method credited to Folkard by Jordan and Fulweiler, a 
measured sample of gas is collected and standard iodine solution 
added until all the hydrogen sulphide is absorbed. The end-point 
is determined by exposing a piece of lead acetate paper to the gas. 

Grove and Thorpe (3) have suggested that very accurate de- 
terminations of hydrogen sulphide may be made by absorption 
from a sample of gas measured in a Bunte burette, in a standard 
solution of iodine. ‘The iodine is then washed out of the burette 
and the excess titrated by means of starch and thiosulphate. 


4. Absorption in neutral and acid solutions of metallic salts. 


Ramsburg (12,13) used an acid solution of cadmium chloride 
in his experiments to determine the quantitative significance of 
the lead acetate qualitative test for hydrogen sulphide. The pre- 
cipitated cadmium sulphide was filtered off, oxidized to sulphate 
and weighed as barium sulphate. The use of an absorbent com- 
posed of acidified cadmium chloride was also given in O’Connors 
Gas Engineer's Handbook. In this case the cadmium sulphide 
was weighed directly. 
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Jordan and Fulweiler (3) after reviewing the various methods 
in the literature, experimented with neutral solutions of cadmium 
chloride for the absorption of the hydrogen sulphide in illumin- 
ating gas. They present a table showing the result of a series of 
tests which indicate the relation between the theoretical absorption 
of hydrogen sulphide and the actual absorption. The limited 
absorption of hydrogen sulphide is due to the liberation of hydro- 
chloric acid during the reaction. The above investigators pro- 
posed the use of neutral cadmium chloride solution as the most 
satisfactory absorbent for hydrogen sulphide. ‘Three absorption 
bottles are each filled with 200 cc of about 15 per cent cadmium 
chloride solution. The bottles are connected in series and the 
gas passed through until a precipitate forms in the second bottle, 
The solutions are then combined, filtered and the precipitate put 
into a liter Erlenmeyer flask containing 500 cc of distilled water. 
Twenty-five cc of 1:1 hydrochloric acid are added. ‘The flask 
is immediately stoppered and shaken until the cadmium sulphide 
is dissolved. The precipitate adhering to the lip and sides of the 
gas washing bottles is dissolved in weak hydrochloric acid and 
added to that in the flask. Starch solution is added and the 
mixture titrated with N/20 iodine until a pale blue tint persists. 

Neutral cadmium acetate was used by McBride and Edwards 
(13) in connection with their work on the quantitative significance 
of the standard lead acetate test for hydrogen sulphide. They 
report their method as follows: 

“In the analysis of the gas, the sample..... was bubbled 
through a neutral solution of cadmium acetate contained in a five- 
bulb absorption tube and then measured with a wet meter. The 
bulbs were washed out and the solution was heated to a boiling 
point to drive off any gases which might react with the iodine. 
After diluting to 250 cc, 15 cc of 1:1 hydrochloric acid was 
added and 10 cc of N/100 iodine solution was run in. Crystals 
of potassium iodine were added and the solution was titrated 
with N/100 sodium thiosulphate until the yellow color just dis- 
appeared. After the addition of 4 cc of fresh starch solution the 
titration was completed by adding more iodine solution until a 
pale blue tint appeared. The iodine required for the end-point 
was determined by a blank test.” 

Newbigging, in his Handbook, proposed the use of a 10 per 
cent solution of copper sulphate for the absorption of hydrogen 
sulphide. The determination was made by titration of the free 
sulphuric acid formed with ammonia. 

Stone and Wiig (6) worked with the copper sulphate method 
suggested by Newbigging, using N/10 caustic soda to titrate the 
sulphuric acid formed. Because of the color it was difficult to 
note the end-point. 


5. Solid absorbents for hydrogen sulphide. 


Dennis (9) records the test of R. Fresenius. The gas is first 
dried with calcium chloride. The hydrogen sulphide is absorbed 
in U-tubes containing pumice-stone impregnated with copper sul- 
phate followed by calcium chloride. The absoption of hydrogen 
sulphide is noted by recording the increase in weight of the U- 
tube. 

Jordan and Fulweiler record Wright’s test. Cupric phosphate is 
made by precipitating copper sulphate with disodium hydrogen 
phosphate. The bright blue precipitate is washed with distilled 
water and dried. ‘The test tubes are half filled with the cupric 
phosphate and the rear half with calcium chloride. The gas is 
first passed through a tube of syrupy phosphate and calcium chlor- 
ide (to dehydrate the gas) and then through the cupric phosphate 
tubes. The increase in weight of the latter represents the absorp- 
tion of hydrogen sulphide. 

A direct gravimetric method used by Bunsen, and mentioned by 
Jordan and Fulweiler, was based on the absorption of hydrogen 
sulphide with balls of manganese dioxide. 


6. Direct oxidation to sulphuric acid. 


Several methods have been used in which the hydrogen sulphide 
is oxidized directly to sulphuric acid and the latter precipitated 
with barium chloride. 

The gas may be passed through a hydrochloric acid solution 
of bromine, the bromine boiled off, the soluiton neutralized and the 
sulphuric acid precipitated with barium chloride. 

If a solution of ammoniacal hydrogen peroxide is used, it is 
acidified with hydrochloric acid after the absorption and precipi- 
tated with barium chloride. 

Jordan and Fulweiler give the method of Drown, in which po- 
tassium permanganate solution is used as the absorbent. After 
absorption, the excess of potassium permanganate is decomposed 
by boiling with hydrochloric acid. The sulphuric acid formed is 
precipitated with barium chloride and weighed. 


7. Colorimetric tests for hydrogen sulphide. 

The use of lead acetate as a colorimetric test for the qualitative 
detection of hydrogen sulphide is well known as this is the system 
requitéd by many state regulatory bodies. 

In addition to the customary method of exposing the lead acetate 
strip to the stream of gas, it has been proposed to pass the gas 
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through a solution of lead acetate. Heath and Lee (15) give the 
following which they credit to Winkler: A lead salt precipitates 
brown lead sulphide or gives a brown color, the depth of which 
is proportional to the amount of sulphide present. The color thus 
obtained, matched against that of the lead sulphide derived from a 
known quantity of lead salt, may be used as a measure of the 
amount of hydrogen sulphide absorbed. 


According to Treadwell-Hall the methylene blue test (15,16) is 
the most sensitive of all reactions for detecting the presence of 
hydrogen sulphide. The procedure was developed for the detection 
of minute traces of hydrogen sulphide in mineral waters. ‘The 
solution to be tested is treated with one tenth its volume of con- 
centrated hydrochloric acid, a little dimethylparaphenylendiamine 
sulphate added. When the latter has dissolved a few drops of 
dilute ferric chloride are stirred into the mixture. If only 0.02 mg 
of hydrogen sulphide is present in a liter, the blue color of methy- 
lene blue is distinctly apparent after half an hour’s standing. 


Tredwell-Hall (17) gives Wiborgh’s determination of sulphur in 
iron and steel, this being based on a colorimetric test for the hydro- 
gen sulphide evolved by acid, from the metal. The hydrogen sul- 
phide from a weighed sample is passed through a cloth which 
has been wet with a solution of cadmium acetate. The hydrogen 
sulphide reacts with the cadmium salt to form yellow cadmium 
sulphide and the intensity of the color is proportional to the amount 
of hydrogen sulphide. 


Jordan and Fulweiler developed a colorimetric test for the esti- 
mation of small quantities of hydrogen sulphide in illuminating 
gas. Solutions of the following salts which form colored sulphides 
are made up (3): 


1. Lead acetate 

2. Silver sulphate 

. Copper sulphate 

. Antimony Trichloride 
. Cadmium chloride 

. Mercuric Chloride Black sulphide. 
. Bismuth trichloride Brown sulphide. 


The solutions are listed in the order of the sensitivity of their 
reactions with hydrogen sulphide. In making a test a series of 
spots of the compounds is made on a strip of filter paper which is 
immediately placed in a standard form of hydrogen sulphide tester 
(Technologic Paper No. 41, Bureau of Standards, page 28) and 
the gas under test passed through at the rate of 5 cubic feet per 
hour for one minute. The compounds will show color from 1 to 7 
according to the concentration of hydrogen sulphide in the gas. 


Black sulphide. 
Grey-black sulphide. 
Black sulphide. 
Orange sulphide. 
Yellow sulphide. 
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II. DISCUSSION OF THE METHODS DESCRIBED IN 
PART I. 


Absorption in alkaline solutions. 


The use of alkaline solutions as absorbents for hydrogen sulphide 
in manufactured gas was considered a source of error by McBride 
and Edwards of the Bureau of Standards, who stated that carbon 
bisulphide reacts with alkalies and ammonia, forming compounds 
which liberate hydrogen sulphide upon acidifying. (13) 

At a later date Jordan and Fulweiler (3) stated that results were 
too high where alkaline solutions were used in the absorption. They 
experimented with 10 bottles containing ammoniacal cadmium 
chloride, connected in series. After passing the gas through the 
apparatus there was a precipitate of cadmium sulphide in each 
bottle, and lead acetate papers placed at the outlet of the indi- 
vidual bottles were discolored by hydrogen sulphide in every case. 
The first five bottles gave 7.0 grains per hundred cubic feet, the 
last five bottles 2.5 grains per hundred cubic feet, while the correct 
amount of hydrogen sulphide was 2.3 grains per hundred cubic 
feet. 


Nevertheless authorities continue to publish methods based on the 
absorption of hydrogen sulphide in alkaline solutions. It therefore 
seemed advisable to the writer to conduct further tests on the use 
of alkaline solutions. 


These experiments were made with manufactured oil gas from 
which all traces of hydrogen sulphide had been removed. Fig. 1 
shows the way in which the apparatus was assembled, although for 
some of the experiments as many as eight gas washing bottles were 
used. The tubes A. B. C. D. E. each contained lead acetate papers. 
The first washing bottle, between A and B, contained 20 per cent 
cadmium acetate solution throughout the series of tests. 


The purified gas was drawn through the apparatus for several 
hours during each experiment, the intake being through the tube A. 
It then passed through the neutral cadmium acetate solution and 
over the test paper B. ‘To this point no reaction was observed 
during any test, the two lead acetate papers remaining colorless and 
the cadmium solution clear. The absence of hydrogen sulphide in 
the gas under test was thus verified, and it was also indicated that 
neutral cadmium acetate would not react with the other sulphur 
compounds retained in the gas. 
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Fig. 1 


Ammoniacal cadmium chloride was placed in the gas washing 
bottles following the neutral cadmium acetate bottle, and subjected 
to the action of the gas. Yellow cadmium sulphide was deposited 
in each of those bottles containing the ammoniacal solutions and the 
test papers following the latter were discolored by hydrogen sul- 
phide in each case. 


In the discussions of McBride and Edwards and Jordan and 
Fulweiler, the presence of ammonia was assumed in explaining 
the reaction with organic sulphur compounds. Stone and Wiig 
justified their use of sodium hydroxide solutions on the fact that 
the gas they were testing contained practically no ammonia, and 
therefore little or no reaction could take place with the carbon 
bisulphide (6). 

The writer has found no record of tests similar to those given 
above, but on other alkaline absorbents than ammonia. In order 
to find out whether ammonia is essential in the reaction of alkaline 
absorbents with the organic sulphur of the gas to form hydrogen 
sulphide, tests were repeated using other alkaline solutions. The 
purified gas used for these experiments contained no ammonia. 2N 
sodium hydroxide, 0.5N sodium hydroxide and calcium hydroxide 
were employed. In every case lead acetate papers following the 
alkaline absorbents were discolored by hydrogen sulphide in the 
same manner as when the ammoniacal solution was used. 


The quantitative results varied for different tests, the most im- 
portant factor apparently being the rate of flow of gas. With the 
manufactured oil gas used for these experiments, the error intro- 
duced by the use of alkaline absorbents was not as great as that 
reported by Jordan and Fulweiler, but it was definitely present. 
After passing gas actually free from hydrogen sulphide through 
alkaline solutions, and then testing the latter by iodimetric methods 
for hydrogen sulphide, results indicated as high as 2.5 grains per 
hundred cubic feet of gas. Similar errors were noted where the 
purified gas contained measured quantities of hydrogen sulphide, 
the latter being added to the gas stream ahead of the absorption 
bottles. Table No. 1 shows the results of these tests, each test with 
an alkaline absorbent being followed with a similar test using neu- 
tral cadmium acetate for comparison. 


It is evident from the foregoing that serious errors may be in- 
troduced where alkaline absorbents are employed in the determina- 
tion of low concentrations of hydrogen sulphide in manufactured 
oil gas. The results all indicate that alkaline solutions react rather 
slowly with the organic sulphur compounds of manufactured oil 
gas, and that while some of the hydrogen sulphide formed during 
the reaction is absorbed by the solution, an additional quantity 
passes on with the gas. They also show that the presence of am- 
monia is not necessary to complete the formation of hydrogen sul- 
phide, for the latter was given off by absorbents which contained 
no ammonia. McBride and Edwards stated that the hydrogen sul- 
phide would be given off upon the acidification of the alkaline 
absorbent. The present experiments demonstrate that acidification 
is not necessary for the completion of the reaction which produces 
hydrogen sulphide from the organic sulphur of oil gas. 


Absorption in standard iodine solutions. 


Direct absorption in solutions of iodine does not provide an ac- 
curate method for the determination of hydrogen sulphide in manu- 
factured oil gas. The results are high owing to the reaction of 
other constituents of the gas with the iodine. Alkali cynaides and 
many other substances decolorize blue iodide of starch (6). In 
experimenting with the method given by Dennis (9), in which the 
gas bubbles through a standardized solution of iodine, it was found 
that in addition to the above difficulties, the iodine itself was carried 


out of the solution by the stream of gas. A gas washing bottle 


Containing distilled water, a few crystals of potassium iodide and 
Starch indicator, was placed in the line following the iodine ab- 
sorption solution. The blue color, indicating that iodine had been 
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TABLE NO. 1. 
Grains H2S 
added per Grains H2S 
Duration Grains H.S Method of Cubic ft. gas. 100 cu. ft. per 100 cu. ft. 
of test, added to absorbing passed dur- of purified determined 
| Test No. Hour gas stream H:S ing test. gas. by test. 
| 1 4.1 0.1 NaOH 10 1.0 1.4 
| 2 4.2 0.1 Neut. CdOAc 10 1.0 8 
| 3 * 8.2 0.1 NaOH 10 1.0 2.0 
| 4 8.1 0.1 Nent. CdOAc 10 1.0 9 
| 5 24 0.1 NaOH 10 1.0 3.2 
| 6 22 0.1 Neut. CdOAc 10 1.0 9 
7 14 0.3 NaOH 10 3.0 4.4 
& 16 0.3 Neut. CdOAc 10 3.0 3.1 
9 8.4 0.3 Amm. CdCl. 10 3.0 4.8 
| 10 7.5 0.3 Neut. CdOAc 10 3.0 2.8 
| 11 6.5 0.2 Amm. CdCle 10 2.0 2.5 
| 12 6.0 0.2 Neut. CdOAc 10 2.0 1.9 
| 13 26 0.5 Amm. CdCle 20 2.5 5.1 
| 14 25 0.5 Neut. CdOAc 20 2.5 2.3 
| 
| 


carried into this bottle by the gas, appeared soon after starting 
the flow of gas. All of the errors noted are cumulative, tending 


to make the test results high. 


Absorption in neutral and acid solutions of metallic salts. 


Of the neutral and acid solutions of metallic salts which have 
been suggested for the absorption of hydrogen sulphide, copper sul- 
phate and cadmium chloride seem to have received the most at- 
tention. ,Copper sulphate was not used in the present investigation 
because of the possibility of error due to the oxidation of the 
copper sulphide formed. 

Acid solutions of cadmium chloride cannot be relied upon to 
completely absorb hydrogen sulphide. This was brought out by 
McBride and Edwards in 1914 (11). In 1921 Jordan and Ful- 
weiler included in their paper (3) the results of experiments show- 
ing the effect of the presence of various concentrations of hydro- 
chloric acid on the ability of cadmium chloride to absorb hydrogen 
sulphide. On the basis of the results of these experiments it was 
decided that acid solutions of cadmium chloride would give low 
results, and the use of neutral cadmium chloride was recommended. 

Although the neutral cadmium chloride solution used with the 
proper precautions will undoubtedly give satisfactory results, it 
seemed to the writer that neutral cadmium acetate possessed defi- 
nite advantages. The liberation of acetic acid during the reaction 
to form cadmium sulphide does not increase the hydrogen ion con- 
centration in the solution to such an extent as when hydrochloric 
acid is released. A series of tests were therefore carried out, using 
the procedure of McBride and Edwards outlined in Part I of this 
paper. A 20 per cent solution of cadmium acetate was used. 

In order to try this method in testing manufactured oil gas, 
definite quantities of hydrogen sulphide were added to a stream 
of gas which was known to be free from this impurity, and the 
mixture then passed through the test apparatus. This was done 
in different ways during the course of the experiments, but the 
following proved satisfactory. 

The ‘gas stream was passed over a measured quantity of pre- 
viously standardized sodium sulphide solution to which acid was 
added .to liberate the hydrogen sulphide. Fig. 2 shows the ap- 


paratus, including the generating device, the mixing chamber and 
the absorption train. After adding the acid, the contents of the 
generator were heated to drive off the dissolved hydrogen sulphide. 
The condensate which then collected in the tubing and the mixing 
chamber was removed by heat. It was found advisable to use 
very small volumes of sulphide and acid solutions in order to reduce 
the capacity of the liquid from retaining hydrogen sulphide in 
solution. Dilute sulphuric acid was used because of its low vola- 
tility. About 50 tests have been made using this method with 
a mean error of minus 3 per cent. The following typical examples 
are included to indicate the quantities involved: 


TABLE NO. 2. 


Grains H.S Grains H2S absorbed Cubic feet of Grains of H.S 
added and determined by Gas passed per 100 cubic 
titration. feet of gas. 
012 O11 0.40 3.0 
.012 .012 0.65 1.8 
.036 .034 3.0 1.2 
.027 .028 2.0 3 
.310 .300 5.0 6.6 


Where the quantity of hydrogen sulphide was less than 2bout 
one grain per hundred cubic feet of gas, absorption was not com- 
plete. No tests were made on gas containing large concentiations 
of hydrogen sulphide. 

The results of the above experiments indicate that the use of 
neutral cadmium acetate solution, in the manner suggested in 
Technologic Paper No. 41 of the Bureau of Standards, is a sitis- 
factory method for the determination of hydrogen sulphide in oil 
gas where present in small concentrations of over one grain per 
hundred cubic feet of gas. 

Other absorbents tried by the same method and found unsatis- 
factory were mercuric chloride, antimony trichloride and arnti- 
mony potassium tartrate. The first gave high results, apparettly 
because of reactions with other constituents of the gas. The anti- 
mony salts did not completely absorb the hydrogen sulphide. 


Solid absorbents for hydrogen sulphide. 


The use of solid absorbents for hydrogen sulphide was not 
undertaken by the writer because of the necessity for dehydrating 
the gas before the absorption of hydrogen sulphide. Some of the 
hydrogen sulphide would surely be removed with the moisture and 
this could cause an error of considerable magnitude where the 
total quantity of the impurity is small. 


The estimation of hydrogen sulphide by colorimetric methods. 


Wrinkler’s colorimetric test was tried. In bubbling the gas 
through the lead acetate solution, other precipitates than lead sul- 
phide were formed, and these masked the brown color of the latter. 

The methylene blue test. was not tried, because as pointed out 
by Heath and Lee(15), the accuracy may be impaired by the 
presence of other constituents of the gas. 

The colorimetric test of Jordan and Fulweiler appeared to be 
the best method available for the estimation of very small quan- 
tities of hydrogen sulphide in manufactured gas, but it did not 
accomplish the desired results. There are irregular gaps in the 
range of the indicators used and there is no assurance that the 
same amount of gas comes in contact with the sensitized portions 
of the test strips during each determination. 
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Ill. PROPOSED NEW TEST FOR THE ESTIMATION OF 
LOW CONCENTRATIONS OF HYDROGEN 
SULPHIDE IN GAS. 


In an effort to provide a simple and reasonably accurate test 
for the estimation of very low concentrations of hydrogen sulphide 
in manufactured gas, a penetration test was devised. The method 
is based on Wiborgh’s determination of sulphur in steel by the 
evolution method. The new apparatus is shown in Fig. 3. In- 
stead of cloth moistened with cadmium acetate solution, filter paper 
which has been dipped in the solution and dried, is used. It is 
necessary to employ a dry test paper because, where used as a 
continuous test for a number of hours, the flow of gas will dry a 
moist strip, thus changing its sensitivity. Where the dry test is 
made, paper gives more consistent results than cloth, due to the 
more uniform and smaller pores of the former. 


The apparatus consists of glass tubes cemented to glass flanges 
such as may be obtained in the form of valves for Sprague gas 
meters. The latter have openings 1% inches in diameter. The 
gas enters at the bottom, is diffused through glass wool or around 
a watch glass and passes through the test paper which is clamped 
between the glass flanges. The joint is made gas tight by means 
of rubber rings. From the outlet at the top the gas goes to a 
wet test meter or a calibrated aspirator bottle. 


Lead acetate, mercuric chloride, copper sulphate, silver sulphate 
and antimony potassium tartrate were tried as sensitizers, in addi- 
tion to the 20 per cent cadmium acetate solution which was finally 
adopted. The cadmium acetate was chosen because it is very 
sensitive, even when dry, to small concentrations of hydrogen 
sulphide. The effect of variations in the relative humidity of the 
gas under test was found to be much less on the cadmium acetate 
than on the other compounds tried. 


The actual dimensions of the instrument are not important as 
color standards are made up for each apparatus. The method 
described in Part II of this paper for generating hydrogen sulphide 
in a stream of purified gas was used in making the standards. 


Representative standards are shown (in monochrome) in Fig. 4. 
These represent a range of hydrogen sulphide quant'ties, when 
made in the apparatus described, as follows: 


.0005 grains 
.0010 grains 
.0015 grains 
.002 grains 
.003 grains 
.004 grains 
.005 grains 


It is possible to show about 15 color gradations covering the same 
range. In order to preserve the standard colors it was found 
helpful to dip them in a thin varnish made of gum damar in ben- 
zol and then mount between sheets of glass. Where this was not 
done the tints faded in a few months. 


To make a normal test, gas is allowed to pass through the sensi- 
tized filter paper until a distinct yellow color is seen. The paper 
is then removed and compared with the standards. The grains of 
hydrogen sulphide represented by the color matching the strip, 
multiplied by 100 and divided by the number of cubic feet of gas 
passed, gives the hydrogen sulphide content of the gas in grains 
per 100 cubic feet. 


Table No. 3 is included to give a comparison between results 
obtained by means of an alkaline absorbent and by the colorimetric 
method. Naturally, for such low concentrations of hydrogen sul- 
phide, the alkaline absorbent gives results many times greater than 
the true value. The difference would not be so great for higher 
concentrations of hydrogen sulphide in the gas. 
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Fig. 3 


Advantages of the new colorimetric test for the estimation of 
small concentrations of hydrogen sulphide in manufactured oil 
gas are: 


1. It is simple to use. After the color standards are provided 
the services of a chemist are not needed to make the tests. 


2. It is more sensitive to hydrogen sulphide in small concentra- 
tions than cadmium acetate in solution. 


3. It provides for a more accurate determination of hydrogen 
sulphide than the colorimetric methods given in the literature for 
use on gas mixtures. 


IV. SUMMARY AND CONCLUSIONS. 


The methods given in the literature for the determination of 
hydrogen sulphide in gas mixtures may be grouped in a general 
way according to the manner in which this constituent is absorbed. 
A number of tests which have been proposed are classified and de- 
scribed. 

The use of alkaline absorbents for hydrogen sulphide in manu- 
factured gas has been frequently recommended. The results of 
other investigations, verified by new tests described in this report, 
demonstrate that alkaline absorbents react with the organic sulphur 
compounds present in manufactured oil gas, breaking them down 
into compounds which give off hydrogen sulphide. Erroneous re- 
sults must therefore be expected where alkaline absorbents are used. 

The use of standard iodine solutions for the direct absorption of 
hydrogen sulphide in manufactured oil gas is not satisfactory. The 
iodine reacts with other constituents of the gas, making the results 
high. 

Acid solutions of cadmium chloride do not completely absorb 
hydrogen sulphide. 

Copper sulphate solution is not a satisfactory absorbent for hydro- 
gen sulphide. There is a possibility that the sulphide formed may 
be oxidized before the determination can be completed. 

The results of experiments conducted during this investigation 
indicate that neutral cadmium acetate solution is a satisfactory ab- 
sorbent for the determination of hydrogen sulphide where present in 


TABLE NO. 3. 


ee a en cae a 
Duration Grains H.2S added Method of de- 
of test, to gas steam termining H.S 
Hours. 
1.5 .001 Am. CdCl, Sol. 
1.8 .001 Colorimetric 
| 4.0 001 Am. CdC1, Sol. 
| 3.5 .001 Colorimetric 
| 24 001 Am. CdCl, So.l 
| 24 001 Colorimetric 
| 8.0 002 Am. CdC1, Sol. 
8.0 .002 Colorimetric 
3.5 .0014 Am. CdCl, Sol. 
4.6 .0014 Colorimetric 
5.5 .0024 Am. CdCl, Sol. 
6.3 .0024 Colorimetric 


Cu. Ft. gas Grains H.S added Grains of H:S per 
passed per 100 cu. ft. 100 cu. ft. as de- 
of purified gas. termined by test. 
2 0.05 0.8 
2 0.05 0.05 
1 0.1 1.2 
] 0.1 1 
2.5 0.04 2.2 
2.0 0.05 0.05 
6.0 0.033 2.0 
7.2 0.028 0.021 
5.0 0.028 1.6 
5.0 0.028 0.03 
2.0 0.012 1.3 
2.0 0.012 0.01 
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mauufactured oil gas in moderately low concentration, but not less 
than one grain per hundred cubic feet. 

A new colorimetric test is presented for the estimation of small 
concentrations of hydrogen sulphide in manufactured gas. This 
test offers advantages of simplicity and accuracy over previous 


methods. 
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Gas Plant Waste Disposal* 


HE general public and the health authorities of city and 

state governments are becoming more interested in the pre- 

vention of pollution of air and water by unnecessary smoke 
and the discharge of industrial and domestic wastes into our 
streams, lakes and tidal waters. With the 
denser population of our Eastern and 
Middle Western cities, the necessity of 
preventative measures has been more 
immediately mecessary, and in_ these 
localities much has already been done 
to prevent objectionable conditions. 
Owing to the more’ extensive’ use 
of our Western waters for fishing, both 
commercial and sport, and for recreation, 
it is being generally recognized that pre- 
ventative measures must be enforced or 
adopted promptly where they are not 
already established. 

After reading the complete data on 
disposal of gas plant wastes contained in 
the annual proceedings of the American 
Gas Association for the past few years, N. 
it seems as though any study made by this 
committee would be both presumptious and 
a duplication of effort. However, since on the Pacific Coast much 
of the gas is generated from oil, and coke is not generally avail- 
able for use in water gas sets, our problems are to some extent 
different. It would not be out of place here to list the prinicpal 
wastes with which the oil gas operator has to contend. 


(1) Wash box water containing lampblack. 

(2) Scrubber water containing tar emulsion. 

(3) Tar emulsion. 

(4) Lampblack. 

(5) Wastes containing traces of oil and of tar or both. 
(6) Oxide purifier wash down water. 

(7) Liquid purification wastes. 

(8) Sanitary sewer drains, 
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(9) Surface water drains. 
(10) Spent oxide. 
(11) Acid and soda wastes from benzo] refining. 


In order to obtain as much information as possible from those 
who had already studied the problem and developed remedies, a 
questionnaire was sent to 100 gas companies in the United States 
whose annual send out was 500,000 M.c.f. or more. 

Answers were received from 57 companies, 10 of which are no 
longer making gas as they are now distributing natural gas. These 
answers will not be given in detail but are summarized, and any 
data of especial interest will be brought out later. 


Question 1. With what city and state ordinance do you have to 
comply as regards stream or tidewater pollution and smoke nuis- 
ance? 


Of 49 companies reporting, 12 have no stream pollution ordinance 
with which they have to comply. Twenty-three companies report 
no smoke ordinance, and three of these that smoke ordinance is 
being contemplated. 


Question 2. What is the attitude of the authorities and do they 
require strict compliance? 


‘Twenty-one companies report strict compliances with stream po!- 
lution ordinances necessary and 16 report that authorities are reason- 
able or not strict. Thirteen companies report strict compliance with 
smoke ordinance required and 11 report authorities reasonable 01 
not strict. 


Question 3. Do you have any other wastes to dispose of besides 
waters from scrubbers, wash boxes, purifiers, and sanitary and 
surface water drains? If so, please list them. 


Ten companies report having ammonia still waste or weak am- 
monia liquor. One company reports shavings from tar _ scrub- 
bers, which are burned after dark; and two companies report coke 
quenching water; and one water softening plant residue. 


Question 4. What methods of treatment do you employ on each 
of the various wastes before discharging to sewers? 


Eighteen companies report the use of baffled separators and 13 
use separators and coke or cinder filters. One company uses 
Oliver-Borden filters, and one company uses ferrous sulphate and 
soda ash to treat wastes before coke filters. One company recircu- 
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lates its waste over wash boxes, Six companies discharge wastes 
without any treatment. 


Question 5. What disposition is made of wastes containing o1l? 


Three companies pump oil wastes to relief holder, providing 
skimmer on holder overflow. Eight companies use baffle separators 
and coke filters. Fifteen companies use separators or settling 
basins and remove oil by skimming, burning it under boilers, or 
mixing it with tar. Four companies run oily wastes to sewers or 
creeks without treatment. 


Question 6. Is your tar and lampblack worked up for sale as 
by-products? If not, what use is made of it? What method of 
separation of tar and lampblack is used and how is water removed 
from tar emulsion? 


Thirty-one companies sell their tar and 13 companies use it for 
boiler fuel. Fifteen companies dehydrate tar by heating, seven 
companies use centrifuges, five companies use stills for dehydra- 
tion, and eight companies dehydrate by settlement alone. ‘wo com- 
panies use Warner and one company Dietz dehydrators. 


Question 7. Do you produce ammonia? If so, what disposal is 
made of still wastes? 


Twenty-two companies have ammonia plants and five of these 
use settling basins or coke filters for still wastes; one has phenol 
removal equipment; 13 discharge weak liquor or still waste to 
sewer or creek untreated; and one company sells weak ammonia 
liquor to nearby plant. 


Question 8. What disposition is made of spent oxide from gas 
purifiers? 


Twenty-four companies use spent oxide for fills on their own 
property or give it away to others; one company sells it for sul- 
phuric acid manufacture; one company dumps it out at sea;. 13 
companies haul it to city dump; and one company dumps it in the 
river at flood time. Several companies bring out the necessity of 
covering the spent oxide with dirt or mixing it with dirt at the 
dump. One gives it to stables for bedding horses. 


f Question 9. — yee any equipment for removal of cinders 
rom generator stacks: 


Thirteen companies use cinder catchers on stacks and four use 
collectors between generator and carburettor. One company uses 
a novel design of water cooled spark arrester, which will be de- 
scribed in detail later. Two companies use hoods and screens on 
generator stacks which prevent discharge of cinders beyond plant 
boundary. 


Question 10. Are the waters into which your plant wastes are 
discharged used for pleasure boating, swimming, and/or fishing, 
or for drinking water? 


Seven companies discharge their wastes into waters used for 
boating, bathing, fishing, and drinking; 15 companies discharge 
into waters used for everything but drinking; and 12 companies 
discharge into waters used for no purpose which would be 
affected by wastes. 


Question 11. Do you use liquid purification? If so, how are 
waste liguors disposed off ? 


Twelve companies have liquid purification and five of these dis- 
charge their wastes to ponds, sand flats, or cinder fills. The other 
seven discharge to city sewers or river tidewater. 


Question 12. Do you have a benzol refining plant? If so, what 
disposition is made of acid and soda sludges? 


Four companies have benzol refining plants in operation and one 
burns the said sludge, the others discharging to cinder fill or pri- 
vate dump. 


Question 13. Regardless of your present methods and the degree 
of satisfaction obtained therefrom, what, in your opinion, is the 
best method of: 


(a) Clarifying waste waters? 


Twenty-one companies recommend separation and filtration; four 
companies suggest the use of chemicals for coagulation before fil- 
tration; two companies recommend use in water sprays of super- 
heater; one company suggests use of series of ponds and recircu- 
lation of overflow; one company recommends bacterial filters; and 
one company suggests thorough aeration before discharge to river 
as this minimizes odor and reduces oxygen demand of the wastes. 


(b) Preventing the smoke nuisance? 

Proper furnace design and careful operation are remedies sug- 
gested by the majority of answers. The use of coke breeze or 
powdered coal in boilers, coke in water gas sets, mechanical stokers, 
and automatic chargers are recommended. Waste heat boilers have 
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been found to be a remedy in several cases. One answer suggests 
the use of small charges on water gas sets after each run. On 
oil gas sets, maintenance of uniform temperatures and sufhcient 
steam for purging reduces smoke. One company pays a bonus to 
gas machine operators and boiler firemen for smokeless operation. 
The use of steam jets or induction tubes to create turbulence of the 
air above boiler fuel bed to increase combustion is recommended. 


(c) Controlling soot and cinders from stacks? 


Several companies suggest Cottrell electrical precipitation. 
Breeze collectors on stacks or between generators and carburettors 
are recommended. ‘The use of low generator blast rate to prevent 
blow holes in fire, and frequent cleaning of bottoms of superheaters 
and carburettors is recommended. One company reports the re- 
moval of between one and two tons of cinders per day with a 
cyclone separator on coke fired boiler. 


Discharge from Ammonia Stills 


Perhaps the most serious condition from gas plant waste is 
brought about by the liquor discharged from ammonia stills. This 
waste contains phenols which even in minute quantities impart an 
unpleasant or medicinal taste to drinking water. If the water is 
chlorinated, this feature is more noticeable. Several of the State 
Health Boards have made pheno! removal imperative. 


A process has been developed by The Koppers Company, which 
is covered in a pamphlet issued by them. It consists essentially of 
a scrubber over the upper section of which the liquor from the 
ammonia still is sprayed. Heated vapor is recirculated through 
the scrubber counter-currently to the liquor and is sprayed with 
sodium hydroxide in the lower portion of the scrubber. The soda 
removes the phenol absorbed by the vapor from the liquor in the 
upper section in the form of sodium phenolate, which is saleable, 
or phenols can be recovered from it for sale. 


Other methods of disposal of phenol-containing waste are for 
coke quenching and by the use of specially prepared bacterial fil- 
ters. When used for quenching, the calcium chloride present in 
the liquor is said to be deposited on plant structures and to in- 
crease corrosion of steel work and to produce a less desirable coke. 


Bacterial filters require careful control and take up large areas 
of ground space. These filters are prepared by first “seeding” with 
domestic sewage and by gradually introducing the phenol waste in 
increasing proportion. Excess of phenol before sufficient bacteria 
have been developed to convert it will destroy the bacteria in the 
filter and it is understood that a continuous supply of a small pro- 
portion of domestic sewage is desirable to keep the filters in operat- 
ing condition. 

A process for treatment of wastes has been developed by ofh- 
cials of the Kings County Lighting Company of Brooklyn, New 
York. Details are not yet available as patent application is be- 
ing made. 

Some gas companies have found it possible by arrangement with 
local sewage disposal plants to discharge their phenol wastes to 
city sewers by avoiding the discharge of large quantities at infre- 
quent intervals. If storage is provided which permits the discharge 
at an even rate, the disposal plant bacterial filters will handle it 
without ill effect. 


In the report of the Liquor Effluents Research Committee of the 
British Institution of Gas Engineers, an exhaustive study of the 
effect of ammoniacal liquors on sewage disposal plants is covered. 
The effect of admission of such liquor is given in the case of a city 
whose sewage before discharge of liquor required 11 parts of oxy- 
gen per 100,000 for purification. The addition of the spent liquor 
more than doubled the oxygen demand. The oxygen demand of 
average coal gas plant liquors is given as 300 to 1000 parts of 
oxygen per 100,000, whereas the oxygen demand for average do- 
mestic sewage is given as 10 parts per 100,000. 


Another method of disposal of wastes containing phenol or other 
objectionable dissolved compounds is by injection into water gas 
machines equipped for backrun operation. The water is fogged 
directly into the top of the superheater and the heat in the upper 
lining, dome, and upper courses of chckers is sufficient to vaporize 
the water and create sufficient pressure to force the steam through 
the water gas set. The resultant cooling of the upper portion of the 
superheater is claimed to result in the cooling of the make gases 
during the uprun, which is a saving in the condensing plant. This 
process is covered in Bulletin No. 41 of the former Steere Engineer- 
ing Company, now the Semet-Solvay Engineering Corporation. 


The amount of water in gallons per minute that can be utilized 
is shown in Table No. 1. 

In the use of waste liquor, it would, of course, be necessary to 
avoid the use of wastes containing metallic salts or other com- 
pounds tending to reduce the fusion temperature of the brick. 
Wastes containing organic compounds should have no ill effect. 

Those companies not using coal for gas manufacture do not 
recover ammonia and are, therefore, not concerned with troubles 
in connction with phenol waste disposal. 
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TABLE NO. 1 

Size of Set Gallons per Minute 
4 ft. 6 in. 1.92 
5 ft. 0 in. 2.73 
6 ft. 0 in. 4.73 
7 ft. O in. 7.3 
8 ft. 0 in. 10.36 
9 ft. 0 in. 13.7 

10 ft. 0 in. 16.7 

11 ft. 0 in. 22.0 

12 ft. 0 in. 28.4 


Stream Pollution 


The general impression is that rivers into which sewage and in- 
dustrial waste is discharged will purify themselves in the course of 
a few miles, especially if swiftly flowing or passing through rapids 
or over falls. This is largely true, but if sewage from numerous 
small towns and industrial plants is dumped into it as it flows to the 
sea, it does not have, and is not able to absorb, sufficient oxygen to 
purify the sewage by oxidation. 

This is particularly noticeable on rivers which support fish life. 
Fish obtain the necessary oxygen from that which is dissolved in 
the water, and if this is insufficient, they will be observed to come 
to the surface frequently to breathe. Authorities state that the 
minimum dissolved oxygen to support fish life is about two parts per 
million by weight. A satisfactory condition requires three and one- 
half to four parts per million. A recent survey of the Willamette 
River taken at low water period showed a dissolved oxygen con- 
tent of approximately nine parts per million, gradually falling to 
less than four at a point immediately upstream from the city of 
Portland, Oregon. Sharp drops in oxygen content were found at 
points downstream from cities and industries such as canneries, 
paper mills, and linen plants. 

The problem facing gas companies located on waters which sup- 
port fish life is not confined to the removal of tar, oil, and solid 
matter from their wastes but should include the treatment or re- 
moval of any dissolved compounds which have a high oxygen de- 
mand. 

State health authorities are endeavoring to make it compulsory 
for all cities to install sewage disposal plants where such require- 
ments are not already in existence. And where possible to do 
so, it would seem proper for gas companies to cooperate with 
the State Health Departments and so treat their wastes that they 
may be suitable for discharge to river direct or to a city sewage 
disposal plant. This may be done by separating the surface 
water drainage and cooling and condensing water which has not 
come in direct contact with the gas or tar, as these wastes can 
be discharged without treatment. Other wastes, after removal 
of oil, tar, and solids, will no doubt be easily handled in sewage 
disposal plants if the intermittent discharge of large volume is 
avoided. 

Those gas companies not located so that discharge to city sew- 
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ers can be accomplished can often solve the problem by the cooling 
and recirculation of water used for gas scrubbing. 

This is the solution worked out by the Portland Gas & Coke 
Company. A brief description and illustration of the lampblack 
thickener are given on pages 496-497 of the 1929 Pacific Coast 
Gas Association Proceedings. The equipment has since been 
placed in operation and has proved entirely successful. It has 
been found, however, that when recirculation of 100 per cent of 
the wash water is undertaken, the temperature of the water 
rises to 155 to 170° F. This condition causes the greater propor- 
tion of the lampblack to float and results in difficulties with 
stoppages and overflowing of the flumes used to convey lampblack 
water to the thickener and also overloads the skimming device on 
this apparatus for removal of floating lampblack. It was also 
found that the temperature of the gas leaving the relief holder 
exceeded 110°F and this resulted in an excess of naphthalene and 
tar being carried over to the washer cooler system in the gas 
after the relief holder had made it necessary to shut the scrubber 
down two or three times per week for steaming out. 

The optimum conditions both for gas temperature and for the 
manufacture of briquets from the lampblack are 125 to 145° F. on 
wash box water leaving wash boxes, which give temperature of 
gas leaving the relief holder below 100°F. 


At Portland the liquor pumped to the primary scrubbers is re- 
circulated. No cooling system for the liquor, however, is used as 
efficient tar removal has been obtained without any more cooling 
than is obtained during settlement in the tar boxes or settling tanks. 


The thickener is now being operated with about 50 per cent of 
the water being recirculated, the other 50 per cent running to the 
river and being replaced with fresh river water. To avoid this 
discharge to the river, a cooling tower or spray pond is being consid- 
ered for cooling the clear water leaving the thickener to about 
90°F. before it is pumped back to the wash boxes. 


The water removed from the lampblack sludge by the de-water- 
ing filters, illustration of which is also shown on page 497 of the 
1929 P.C.G.A. Proceedings, is returned to the thickener, and with 
the cooling tower or pond in service, the overflow will be limited 
to the water condensed from the steam used in the generators minus 
losses by evaporation in the cooling tower or pond. 


In connection with the operation of the thickener, an automataic 
valve is provided which opens the water supply from the main 
storage tank to the header supplying the wash boxes in the event 
of the pressure on line from the recirculating pump falling below 
the minimum necessary. This provides water for maintaining the 
seal on the gas generators in the event of power failure on the 
recirculating pump. 

From the above, it will be seen that it is possible to eliminate 
practically all discharge of water used for gas cooling and scrub- 
bing. 

Water used in indirect tubular coolers and condensers and com- 
pressor water jackets is, of course, returned to the river without 
treatment as it does not come in contact with the gas. Surface water 
is also returned direct. Roof drains are mostly run to the thick- 
ener, which removes all cinders with the lampblack. 


Water containing traces of oil and tar, such as drainage from 
power house and purifiers, is run to a separating sump, shown in 
Fig. 1. The sump is divided into two compartments, one for oil 
wastes and the other for tar wastes, as it has been found that by 
mixing the two together lampblack is deposited from the tar and 
can only be removed by shovelling. Baflles are provided to per- 
mit the settlement of material heavier than water on the tar side 
and skimmers and overflows on the oil side to hold back liquids 
that float. A pump with adjustable suctions is provided for 
removal of oil and a submerged centrifugal pump for removal of 
tar. The latter is float controlled so that normally no overflow 
from the tar side is permitted. The tar pump discharges to the 
primary scrubber tar settling tanks. Any overflow from these 
tanks goes to the thickener. Purifier drains and surface water 
from purifier yard are run to the tar side of this sump. 

A simple device for the suction of a sump pump to make it 
possible to skim off oil or pump tar from the bottom of the sump 
is shown in Fig. 2. 

As there is no city sewer available, sanitary sewage is run to 
a cesspool, the overflow of which goes to the river. 


Acid sludge and soda waste, as well as water removed from tar 
emulsion, is run to sand flats. As the tar dehydration process uses 
caustic soda and this remains in the water from the emulsion, it is 
not run to the thickener, as difficulty has been experienced with 
plugging of canvas covers on filters when it was mixed with lamp- 
black water. Recirculation would aggravate this condition, as the 
concentration of soda would be built up. 

Yard drips and drains from tar seal on exhausters are pumped 
to the tar settling tanks. Drips from the transmission and dis- 
tribution system are collected by tank truck and run to oil side of 
separating sump. The oil from this sump is pumped off to the oil 
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Fig. 2. Adjustable suction for tar and liquor sump. 


washing plant and added to the oil used for scrubbing the benzol 
and naphthalene from the gas. 

Fig. 3 shows flow diagram of the lampblack recovery system and 
Fig. 4 shows flow diagram of tar recovery as practiced at Port- 
land. 

The de-emulsification of tar is accomplished by a temperature- 
chemical process. The combination of the required temperature 
with the proper amount of chemical makes an optimum condition 
for de-emulsification. When this condition is reached, the force 
of gravity is strong enough to separate the emulsion. The heavier 
liquid, usually tar, settles to the bottom and the water rises to 
the top. The theory of the process is that the proper temperature 
reduces the viscosity of the tar and the chemical acts to reduce the 
effect of surface tension between the tar and water. 

Different tars require varying temperatures and more or less 
chemical. Oil gas tar, such as produced by the Portland Gas & 
Coke Company, de-emulsifies best at a pressure of about 50 Ibs. 
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gage with its corresponding temperature. From % to % pound 
of caustic soda per 100 gals. of tar emulsion has been found eco- 
nomical. 

The apparatus or de-emulsifier consists simply of a horizontal, 
cylindrical pressure vessel designed for 75 lbs. per sq. in. working 
pressure with steam coils for heating up the liquid. Connections are 
provided for emulsion inlet at the top; tar and water draw-offs at 
the bottom; atmospheric opening piped to emulsion tank for pres- 
sure release while filling; safety blow-off; combination pressure 
and vacuum gauges; steam pressure regulator; steam trap; and 
try-cock connection at levels of 10, 20, 30, 40, 50, 60, 70, 80 and 
90 per cent of the contents of the vessel. 

The process is labor saving, as the only time required to operate 
is in drawing off a batch, filling with a new batch, and shutting 
off the steam to the heating coils when the proper temperature has 
been reached. After this, no more heat is required and the batch 
stands until gravity has done its work—about 10 to 12 hours with 
oil gas tar. Enough pressure remains in the container, if sufh- 
ciently insulated, to force the tar to storage tanks and the water 
back up through the emulsion storage. The water, being warm, 
imparts heat directly to the emulsion. It also contains a certain 
amount of unspent chemical. The heat and chemical start the 
process of de-emulsification before entering the de-emulsifier, thus 
conserving energy and caustic soda in the process. 

The process is heat saving because only enough heat is re- 
quired to: 


(a) Impart specific heat to the tar. 

(b) Impart specific heat to the water. 

(c) Impart enough latent heat to the water and light- 
oils contained in the tar to fill the vapor space left 
in the container for liquid expansion. 


This imparted heat is only a very small fraction of that which 
would be required to completely change the water into vapor. 

The total cost of de-emulsification, including labor, chemical, 
steam, and maintenance, is 5 mills per gallon of dry tar. The 
chemical required is inexpensive. One quarter pound of caustic 
soda per 100 gals. of emulsion amounts to but a very small fraction 
of a mill per gallon of dry tar. With some tars and in some local- 
ities, soda ash has been found more economical than caustic soda. 

The liquor effluent is slightly soapy and in the right condition 
to separate readily from any oils and tars. Without the chemical, 
oils and water do not separate and stratify readily. 

The process is clean, requires no heavy labor, and simply con- 
sists of the operation of equipment to transfer tar and liquor from 
one container to another. ‘The liquors are handled in large 
streams and, hence, no stoppages or pump trouble are encountered. 
Oil and water gas tars remain substantially as originally produced 
without the separation or change of any of their constituents, mak- 
ing it a strictly de-emulsification apparatus. 

This process is fully described in U. S. Patent No. 1724222 and 
apparatus for its use is marketed by the Semet-Solvay Engineering 
Corporation. 
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By courtesy of Mr. Frank Wills, permission to include a dia- 
gram, Fig. 5, of “Proportions of Tar Separator and Sediment 
Basin, Based Upon Flow and Settling Time” has been granted. 
This is drawn from data included in the 1928 Report of the Water 
Gas Committee of the American Gas Association and will prob- 
ably appear later in the Pacific Coast Gas Association Engineers’ 
Handbook. With the aid of this diagram the proper dimensions 
of a settling basin can be determined for a given flow of wastes. 

A separator in successful use for handling water gas tar at a 
plant in the North is described as follows: 

“The separator consists of a steel tank, rectangular in shape, 
30 feet x 8 feet x 6 feet deep, with six steel divisions extending 
from top of tank to within 18 inches of bottom. These division 
plates contain an opening about 3 feet square nearest base and 
side of tank, and are placed alternately so that the flow is in a 
zig-zag direction. Set below the third compartment from inlet 
end is a sump for the collection of tar, above which is placed a 
tar overflow; the separated tar from which is run to tar well or, 


Fig. 4. Flow diagram of tar recovery system—Portland Gas & Coke Company. 


in our case, pumped to relief holder. The emulsion enters the 
separator at one end, towards the bottom, and leaves at the oppo- 
site end, near the top, in a clear state, free from tar. 

“At the outlet of separator is placed a concrete well, 10 feet 
square inside by 3 feet 6 inches deep, divided into six compart- 
ments the flow being under the divisions and in a zig-zag direc- 
tion. 

“Each of the compartments is filled with coke and this coke 
scrubber takes out any final traces of tar or oil left in the waste, 
it being absorbed in the coke. Arrangements are made for by- 
passing the coke scrubber when the material is foul and needs 
renewing.” 

The tar leaving the separator contains about 11 per cent of water. 

A method used by a large oil company for disposing of lampblack 
and tar is described as follows: 

“Wash box water goes direct to Oliver filters where lampblack is 
removed, and the water is discharged to the plant sewer. 

“The lampblack is discharged from the filters with a water con- 
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Fig. 5. Proportions of tar separator and sediment basin based upon flow and settling time—Report of the Water Gas Committee, A.G.A., 1928. 
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tent of 50 per cent by weight, directly into cars which transport it 
to each boiler, and from which it is shoveled into furnaces. 


“The tar is pumped from the settling pits into a decanting pit. 
In this pit it is kept heated to about 100 to 110° F., which brings 
to the surface considerable of the free water, so that while the 
emulsion as taken from the settling pits contains 60 to 70 per cent 
water, that from the decanting pit contains about 40 per cent. This 
is pumped into supply tanks and kept at a temperature of about 
120°F., whence it is pumped to the atomizers in the furnaces and 
burned as a liquid fuel over the lampblack fires. 


“This method permits of heavy firing with both lampblack and 
tar, with a great decrease in smoke, and a great increase in energy 
recovered over any method we have previously used of mixing 
these two fuels.” 


A methed of removing the slight traces of oil remaining in scrub- 
ber efuent after passing separators is suggested in the following: 


“While our waters are, on the whole, well clarified from oils 
and solids, the light film of oil stain, naphthalene, etc., on the scrub- 
ber water is hard to control, except when brought into contact 
with lampblack, by which it is readily picked up. This immedi- 
ately prompts the mixing of wash box and scrubber effluent, which, 
if one uses settling pits or permeable filter pits, sand filters, and 
the like, is feasible and produces a perfectly clear water so long 
as sufficient apparatus and care are obtainable. But with mechan- 
ical filters, the scrubber effuent (tar, naphthalene, etc.) prevents 
the functioning of the apparatus and these effluents must be kept 
separate. 

“However, as it is only the light oils, etc., which are hard to 
control in the scrubber effluent, and the quantity is very small, 
these can be mixed with the lampblack ahead of the filters and no 
harm will result. 

“Thus, it appears perfectly feasible to supply clear water only 
to the scrubber system, using this same water after removing the 
bulk of the tar, in the wash box system, allowing the lampblack 
to pick up the tar and oils which have passed the settling pits in 
quantities too small to interfere with the filtering apparatus. 


“While we do not use this system, we have experimented with it 
and contemplate such an installation. 


“We have attempted to find emulsifying agents to treat all tar 
from the scrubber system so that it could all be mixed with lamp- 
black in the wash boxes and then filtered, giving only a single 
by-product, solid fuel. So far, we have been unsuccessful from an 
econcmic standpoint.” 

A method in use at a large Eastern plant for removal of traces 
of oil and tar from effluent from tar separator is as follows: 


“All tar bearing liquors enter the tar separator which, by a sys- 
tem of baffling, drops the tar to the bottom of the tank, from which 
it is pumped to the relief holder for storage. The last compart- 
ment of the separator is completely separated from the main body 
of the tank, and into this compartment the water flows over a weir. 
This water contains a small amount of tar and oil in suspension 
which must be removed. Solutions of iron sulphate and lime are 
fed into the last compartment at the rate of 2 pounds of iron to 3 
pounds of lime per thousand gallons of effluent. ‘These solutions 
form a flocculent precipitate which, upon settling, takes all sus- 
pended matter with it. The effluent is pumped from the separator 
to baffled settling tanks to allow the precipitate to drop. From 
these tanks the water flows by gravity through sand and coke 
filters where the last traces are removed, and the clean effluent 
flows through an inspection sump out to the river. 


“The approximate cost of purifying the water per thousand gal- 
lons of effluent is as follows: 


EE eS a ER a er Le $0.026 
Re REDE SI PI a OOO ENE 2 MRE a OE 0.045 
Labor—Mixing solutions, attention to pumps and 
ES NR OI LE See ee Bees OD setilactibiahiainibidasony 0.150 
Labor—Cleaning tanks and filters.............................----- 0.046 
PTE SL, cnssscctsstbiiceneenanphtnaicnibinastianenomateghl $0.267 


Smoke and Cinder Control 


The control of smoke and cinders from gas plants, especially 
where located near residential areas, from a public relations stand- 
point, is most essential even though not required by ordinance. 


A survey of the answers to questionnaire shows that a number 
of plants have installed cinder catchers, of which there are several 
makes, with success. Water gas sets are usually provided with a 
cinder trap between the generator and carburettor. Waste heat 
boilers have been found to prevent the discharge of excess cinders, 
especially of the larger sizes. Two California plants equip their 
oil gas set stacks with hoods, around the lower edge of which 
screens are provided. This limits the discharge of cinders to the 
immediate vicinity but cannot be said to be a complete solution. 
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Fig. 6. Spark arrester for 14-foot diameter generator. 


Fig. 6 illustrates the principle of a device in successful use on 
oil gas generators at Phoenix, Arizona, for cinder removal. It con- 
sists of a water cooled inverted cone onto which the stack gases 
impinge. <A conical trough filled with water receives the cinders 
which are deflected into it from the cone above. Water is pumped 
to the upper cone and lower trough through nozzles, and impinges 
on the inner surfaces at about 30 to 40 gallons per minute. The 
nozzles are set so that a rotating motion is given to the water, 
which carries the cinders out through an overflow on the trough. 
The overflow from the upper cone is carried down to the lower 
trough and is submerged below the water level. The overflow 
from the lower trough goes to waste. The jet in the center of the 
upper cone discharges. vertically and washes out any cinders 
caught in the cone into the outer trough. Corrosion is limited to 
the water line in the lower trough and a readily replaceable sec- 
tion is provided at this point. The device removes all but the very 
small sparks and is not an expensive installation. The cyclone 
collectors have the disadvantage, especially for use on oil gas gen- 
erators, of probable rapid deterioration from the heat and corro- 
sion and possibility of damage from explosion if they become 
filled with a mixture of unconsumed gas and air from leakage of 
stack valve during the gas make period. The Phoenix device 
appears to have overcome these objections. 

Another type of cinder collector, Fig. 7, consists of a cone set 
above the stack with a space between the bottom of the cone and 
the top of the stack. The top of the cone is connected by a U bend 
to a receiver located alongside the generator. A vent is provided 
on the receiver. The majority of the gases pass out below the 
cone, the cinders being carried up into the funnel and over into 
the receiver, the bottom of which is provided with gate for empty- 
ing. This type would be less liable to damage from explosion as 
the gases are not confined to any great extent. 


Fig. 8 is typical of the cyclone type of cinder collector. It is 
possible that by constructing such equipment of the new heat resist- 
ing alloy steels, some of which will withstand temperatures up to 
2000°F. and at the same time are resistant to corrosion, some of 
the objections to these devices could be overcome. Refractory lin- 
ings, although adding materially to the weight might also be feas- 
ible. 

A device readily applicable to existing stacks is described in 
“Power,” Vol. 71, No. 18, May 6, 1930, page 726. It consists of a 
conical hood, the bottom of which is slightly larger than the stack 
diameter. Below this is placed a conical trough. Two rings of 
pipe equipped with spray nozzles are fastened under the lower 
side of the hood so that the smoke has to pass through two cur- 
tains of water. The water falls into the conical trough and drains 
to a tank where cinders are screened out, and water re-circulated. 
By setting the pump and tank as near the top of the stack as pos- 
sible, considerable saving in power for pumping water can be ob- 
tained. There is a probability of considerable corrosion from dis- 
solved SO, so that the apparatus is made of corrosion resisting 
alloy steel. 


Another cinder collecting device installed on the power house 
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stacks of the New York subway is described in “Power,” Vol. 71, 
No. 17, April 29, 1930, page 658. A 93 per cent reduction in cin- 
ders falling in the area around the plant is reported since the in- 
stallation was made. The device consists of a number of narrow 
flat plates placed parallel to the flow of gases. Curved plates are 
fastened to the flat plates so as to form chambers running from the 
top to the bottom of the gas passage. The location of the curved 
plates is staggered so that the gases take a slightly circuitous path 
and the cinders are caught in the chambers between the plates and 
fall into a hopper below them. The temperature of the gases han- 
died is 540°F. This device would not be suitable where high 
temperatures are experienced. 

An interesting application of the electrical precipitation process 
to an obstinate smoke problem is covered in tne American Gas 
Association Monthly, Vol. X, No. 12, December 1928. The instal- 
lation is also covered in the Pacific Coast Gas Association Proceed- 
ings, Vol. 19, 1928, page 549. This process, however, on account of 
its cost, cannot be considered applicable to the ordinary gas gen- 
erator and boiler installations. 
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The control of smoke is a more difhcult problem and, as far as 
is known, no entirely successful device has been applied to gas 
making equipment. Answers to the questions suggest the use of coke 
in water gas sets and for boiler firing. Proper design of boiler fur- 
naces and proper control of temperatures and air blast on generators 
and avoidance of overloads, are also means of reducing smoke. The 
use of powdered coal is also recommended for boilers. 


As we all know, smoke can be kept to a minimum if we have at 
all times excess capacity of equipment, but in oil gas operation 
particularly, it is dificult to control when equipment is operated 
to capacity and time cannot be spared to shut down to permit 
carbon accumulations on top of checkers to burn out. 


A method of reducing smoke from the stacks of oil gas sets has 
been in use at Phoenix, Arizona, for several years. In place of 
using steam in the top of the generator or through the making oil 
sprays, a steam siphon, as shown in Fig. 9, is installed on the gas 
offtake cross above the wash box. Prior to opening the stack valve 
after the making period, the pressure in the generator is reduced 
to about zero by turning steam on the siphon. This results in little 
or no gas issuing from the stack and practically eliminates the 
slight explosion which occurs when this escaping gas issues from 
the generator. 


WESTERN GAS 


The disadvantage of this method is that it prevents making water 
gas from the lampblack on the checkers. However, if some steam 
is used for purging before steam is turned on the siphon, this objec- 
tion would be largely overcome and, as it no doubt recovers gas 
which would otherwise be lost when the stack valve was opened, 
the use of steam in this manner may be justified. 

At Phoenix, no trouble has been experienced with damage from 
leakage of air into the generator although standard practice is to 
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reduce the pressure to a vacuum of 3 inches water column. This 
vacuum has at times been greatly exceeded without causing trou- 
ble. The device does not entirely eliminate smoke, especially when 
a generator has an accumulation of carbon and brick spawlings on 
the checkers. 

The installation of centrifugal boosters on the outlet of primary 
scrubbers, presumably to reduce the pressure on the generators, has 
been suggested as a remedy for excessive smoke. 

On account of the possibility of explosion if the waste gases 
from generators are confined, the provision of equipment for scrub- 
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Fig. 9. Steam syphon for gas generator. 
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bing them with water or for electrical precipitation appears out of 
the question. 

An interesting application of the photo electric cell for indicat- 
ing smoke density has been developed in the smoke recorder devel- 
oped by Mr. Frank A. Sawford of Vancouver, B.C. A description 
of his device appears in the September, 1927, issue, Vol. 49, page 
999, of “Mechanical Engineering.” The device is equally efficient 
by day or night and gives operators a definite indication and rec- 
ord of smoke conditions. Its use could be well accompanied by 
the payment of a premium to gas generator operators and boiler 
firemen for smokeless operation. 

The principle of the device is based on the effect of smoke in 
obscuring the rays from a projector light shining through a lens 
on a photo electric cell. The variations in current from the cell 
caused by variations in the intensity of the light from the projec- 
tor are amplified by a vacuum tube similar to those used in radios 
and used to operate a suitable recording device. 

By a combination of the smoke density meter and CO, indicator, 
it would be possible not only to minimize smoke but also to greatly 
increase the efficiency of boilers and of gas generators during the 
heating period. While a large excess of air will reduce smoke, it 
will also lower combustion efficiency. By operating as nearly as 
possible without smoke and also obtaining high COs: readings (from 
15 per cent to 20 per cent is maximum, depending on whether oil or 
coal is used), the optimum conditions are obtained. 

The Committee wishes to express its appreciation of the cour- 
tesy of the many gas company officials who furnished answers to 
the questionnaire. A separate acknowledgement was hardly pos- 
sible owing to the large number received. 

For those desiring to study the subjet more fully, the following 
references, not included above, are given: 

American Gas Association Proceedings—1920, 1921, 
1924, 1927, 1928, and 1929. 

Waste Disposal, a Description of the Pennsylvania 
Study, by E. G. Boyer—American Gas Association Monthly, 
April, 1929. 

Treatment of Gas Plant Waste, by L. R. Dutton—Gas 
Age, Vol. 43, Page 420 (1919). 

The Treatment of Water Gas Plant Waste, by E. J. 
Murphy—Gas Age Record, Vol. 61, Pages 817-18 (1928). 

Typical Methods and Devices for Handling Oil Con- 
taminated Water from Ships and Industrial Plants—U. S. 
Dept. of Commerce, Bureau of Mines Technical Paper No. 

385 (1926). 

Disposal of Liquor Effluents from Gas Works—Trans- 
actions of the Institute of Gas Engineers of Great Britain, 
1927-1928, (available in the Pacific Coast Gas Association 
library). 

Gases, Smoke, and Odors, by C. R. Bellamy. 

Phenol Effluents, by E. G. Boyer. 

Solid Wastes and Non-Phenolic Liquid Wastes, by A. R. 
Powell. 

The above three papers were presented at the American Gas 
Association Conference in Cleveland, May, 1930, and will no doubt 
be available in the current literature and in the 1930 American 
Gas Association Proceedings. 


Meter Accuracy* 


HE accurate measurement of gas 

is of such obvious importance to 

the gas industry that it is con- 
stantly receiving more and more atten- 
tion. Courses in gas measurement, de- 
velopment of devices for maintenance and 
improvements in meter design, are all 
indicative of this trend. 

In harmony with this, it has been the 
object of the Meter Committee this year 
to center its efforts on those subjects 
associated with the accuracy of the dis- 
placement meter. 

The report, in general, consists of the 
subjects decided upon and discussed at 
the Distribution Section Conference held 
February 20-21 in Los Angeles, Calif., 
namely: Otto Goldkamp 

Testing of large meters with 10 cu. Chairman 
ft. provers in which large dry-wells 
have been installed. 


*Committee Report: Otto Goldkamp, Chairman, S$. D. Cons. G. & E. Co.; 
Fred Coble, So. Calif. Gas Co.; . M. Crawford, L. A. G. & E. Corp.; W. H 
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Davis, Pittsburgh Equitable Meter Co.; D. E. Farmer, Portland G. & C. Co.; 
FE. E. McInnis. So. Calif. Gas Co.; E. H. Roseberry, Sprague Meter Co.; 
R. M. Stewart, P. G. & E. Co.; K. C. Tomlinson, Pacific Meter Works; F. H. 
Winslow, So. Counties Gas Co. 
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Fig. 1. 


Accuracy of large capacity gas meters at high rates of flow. 
Pressure lubrication of Westinghouse Positive Fluid meters. 
Semi-chrome leather for meter diaphragms. 

Breaking-in meters by flow before installation adjustment. 
Accuracy of gas meters at extremely low rates of flow. 
Four pointing iron meters. 

Automatic temperature control of prover rooms. 

Periodic old age tests and annual statistical data. 


Testing of Large Meters with 10 cu. ft. Prowvers in 
Which Large Dry-Wells Have Been Installed 


In order that the accuracy of large meters may be known, most 
companies have resorted to the test meter, (diaphragm type), low 
pressure and critical flow provers, and large standard bell-type 
provers. 


However, few companies have provers equipped with bells larger 
than 10 cu. ft. capacity. This size of prover seldom includes a 
dry-well that will permit a flow greater than 900 cu. ft. per hour, 
which is insufficient to test large meters at their open pipe rates. 
Most companies will hesitate to invest four or five thousand dollars 
in a larger prover unless they are quite sure it will improve meter 
accuracy enough to make such an investment profitable. 


Among many of the subjects included in the reports of the past 
two years by the A. G. A. Sub-committee on Meters, W. H. Beetle, 
chairman, the accuracy of large capacity gas meters received con- 
siderable attention. From their efforts came forth the idea of en- 
larging the dry-well of the standard 10 and 20 cu. ft. provers. 
Two Pacific Coast companies have tried this idea with success. 
Maximum rates of 10,000 cu. ft. per hour have been obtained. 
Meters tested and adjusted on such a converted prover have been 
retested with a 100 cu. ft. prover of known accuracy with results 
agreeing within .5 per cent in all cases. Apparently no appre- 
ciable error was introduced through repeated emptying and filling 
of the bell. Fig. 1 shows a converted 10 cu. ft. prover with throt- 
tle valve, hose and connections. (Note that facilities for testing 
small meters have been retained.) 


Accuracy of Large @apacity Gas Meters at 
High Rates of Flow 


Most companies reporting indicate some difference of opinion in 
regard to the characteristics of large gas meter proofs. hey do, 
however, agree that it is not safe to test large meters over a part 
of their range and assume that registration will be correct over the 
remainder of the range up to 100 per cent of capacity. It is sug- 
gested that tests be made on at least four points—minimum, inter- 
mediate, rated capacity and open pipe flows. The use of minimum 
and open pipe rates as the first steps in the test procedure often- 
times will save considerable time in arriving at the final proof 
adjustment. 


In general the following characteristics of large meters have 
been verified: 


(1) If the meter is adjusted at the open pipe rate of the stand- 
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Fig. 2. 


ard 10 cu. ft. prover, faster than at the check rate, the fast error 
will increase with the speed of the meter above that open pipe 
rate. 

(2) If the meter is adjusted at the open pipe rate of the stand- 
ard 10 cu. ft. prover, slower than at the check rate, the slow error 
will increase with the speed of the meter above that open pipe rate. 

(3) That the slow errors of most incoming large meters tend 
to increase with the rate of flow, as shown by Fig. 2. Upon 
examination most of these meters show considerable wear on the 
tangent wrist, flag-staff, and diaphragm rock bearings. Capacity 
loads are very severe on these parts and it is quite apparent that 
not enough bearing surface is provided to permit prolonged stabil- 
ity. Most large meters have parts designed as light as possible 
in order that mechanical friction may be reduced to a minimum. 
This Committee believes, however, that it is far better to design 
meter parts adequately heavy and willingly sacrifice the slightly 
greater frictional loss in return for the continuous bearing stability 
with resulting accuracy. 

There has been a growing tendency in late years toward pres- 
sure lubricated ball and roller bearings in large meters. Most 
companies report favorably upon these bearings, though some feel 
that they should be more adjustable for wear. Experience has 
indicated that it is advisable to lubricate each bearing separately. 


Some effort has been made to reduce mechanical friction and 
squeaks in meters by use of Bakelite valve covers. One large 
natural gas company reports success, whereas an artificial gas 
company reports failure due to warping. 


Pressure Lubrication of Westinghouse 
Positive Fluid Meters 


Two companies report experience with this practice. One com- 
pany has used with very satisfactory results this method of lubrica- 
tion for more than eight years and has found that the valves of 
the meters remain tight over periods of four years. Also all 
squeaking and metallic noises were entirely eliminated and installa- 
tion proofs were retained to a remarkable degree. Fig. 3 shows 
the method of oiling this type of meter. 

Fig. 4, by H. M. Crawford of the Los Angeles Gas & Electric 
Corporation, shows comparative capacities of a Westinghouse meter 
with oiled and unoiled valves. The result of a broken oil seal 
is also included on this chart. Mr. Crawford explains this curve 
as follows: 

“One No. 50 Westinghouse meter was oiled by drilling the drive 
shaft so that oil placed in the hollow worm might flow slowly 
through the drive shaft to the link, the universal joint, and on to 
the valve seat. 

“The broken dash curve gives the capacities through this meter 
before the valve was oiled, while the solid curve gives capacities 
after the valve was oiled. 

“The increase in capacity realized with this meter for differen- 
tials up to 2 inches W. C. is approximately 500 cubic feet per hour 
times the pressure multiplier for 10 pound pressure. 


“The dotted line curve shows the result to be expected when the 
seal of the meter is broken by a differential across the meter in 
excess of the seal. The curve was obtained in the following man- 
ner: There are three No. 50 Westinghouse meters on this set, and 
when all of them are in operation the demand for each meter is 
very small when distributed over the three meters. To overcome 
this difhculty two of the meters were shut off, and the one remain- 
ing meter forced to carry the load. 
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“The chart at this particular time (April 1 and 2, 1930) was 
changed during the time a heavy demand was on the meter, so 
that the first full hour obtainable gave a capacity of 6,800 cubic 
feet per hour for a differential of 4.5 inches W. C. A steady in- 
crease in the demand during the next hour gave an average dif- 
ferential of 5.9 inches W. C., but the amount of gas passed had 
dropped to 6,400 cubic feet. At the end of the next hour the dif- 
ferential had increased to 6.0 inches W. C., with a further de- 
crease in gas passed to 6,000 cubic feet. The remaining 4 hours 
shown on this particular curve gave an indication of the time 
necessary for the seal of the meter to reestablish itself. This re- 
establishment is made possible only by a decrease in the demand 
on the meter. This curve may be analyzed as follows: There is 
no indication of the part of the curve before the capacity of 6,800 
cubic feet was reached, but from this point on the seal has been 
broken, slightly at first, but with increasing violence until the dif- 
ferential reached 6.0 inches W. C. When the seal is broken, oil 
is held in suspension in an atomized state dependent upon the 
amount of gas being passed without registering. In this case the 
amount of oil held in suspension was so finely atomized that before 
the seal was finally reestablished the differential had dropped to 
1 inch of W. C. Beyond this point the curve coincides with the 
average curve shown for oiled valves. 


Semi-Chrome Leather for Meter Diaphragms 


Experience with semi-chrome leather in this country covers a 
period of about six years. Results have been so encouraging that 
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some of the leading meter manufacturers have adopted it ex- 
clusively in their product. While some gas companies make no 
comment most of them report very favorable results, and in no case 
has there been an unfavorable report. Most companies are ex- 
perimenting with this leather extensively and to date several large 
companies have specified its exclusive use. For detailed informa- 
tion on “Semi-chrome leather for meter diaphragms” reference may 
be made to a paper presented at the annual meeting of the Gas 
Section, Empire State Gas & Electric Association, by C. H. Stevick, 
March, 1930. 


Breaking-in Meters by Flow before 
Installation Adjustment 


Only two companies report any experience with this procedure. 
It consists of passing several hundred cu. ft. of air through re- 
paired and new meters prior to their installation adjustment. Its 
purposes are to insure perfect valve seating, wear stiffness from 
the movements and establish inflation characteristics of certain 
types of diaphragms; thus placing the meter in a more ideal condi- 
tion for permanent installation adjustment. 


For example one company has proved conclusively that Sprague 
meters which have received this treatment will four-point, with 
results considerably superior to those which have not; also that 40 
per cent of the new meters will move up approximately 2.5 per 
cent in proof and will respond to adjustment with greater con- 
sistency and ease. 


The other company reports that while it is true that some of 
their meters undoubtedly speed up shortly after adjustment, they 
do not feel that the situation is serious enough to warrant break- 
ing-in procedure. 


Accuracy of Gas Meters at Extremely Low Rates of Flow 


There seems to be a prevalent idea that the accuracy of gas 
meters at low rates of flow is unimportant. Some companies make 
a slow motion test at an extremely low rate of flow over an inter- 
val of a few moments and if the meter proving hand moves up a 
certain predetermined distance, accept the meter as sufficiently ac- 
curate for the installation proof. 


In general, we are all aware that a high percentage of con- 
sumers carry pilot lights which consume less than three cu. ft. per 
hour. Due to the continuous consumption of such loads, it is 
realized that a considerable portion of this send out is metered at 
these low rates. ‘Therefore, a heavy loss in revenue may be in- 
curred. Though the committee has not had time to offer any de- 
finite figure, its survey has gone far enough to show that leaky 
meter diaphragms and valves are as prolific sources of unac- 
counted-for gas as leaky pipe lines, fittings, etc. In one group of 
meters which tested O. K. at open and check rate of 50 cu. ft. per 
hour, the average error was 26 per cent slow at 3 cu. ft. per hour. 
There is no doubt that meters should be proved at these low rates 
for accuracy. However, it is realized that considerable expense is 
involved if conventional methods are used. The committee has 
done some work on testing meters at one revolution of the tangent 
at extremely low rates of flow and is convinced that should con- 
ditions warrant, such tests can be made with such accuracy and 
economy as to be practical. 
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Fig. 6. 


Fig. 5 shows a composite curve of a group of meters which 
Papen not four-point but would register at an hourly rate of 

cu. ft. 

es the purpose of bringing out the possible seriousness of the 
situation, the committee offers the imaginary condition of a com- 
pany which has 20 per cent of its 100,000 consumers carrying pilot 
lights consuming 2 cu. ft. per hour. If it is reasonably assumed 
that 20 per cent of this consumption passes through meters which 
are 20 per cent slow at this rate, it is readily apparent that the 
yearly loss from this source is: 


100,000 x .20 x 2 x 24 x 365 x .20 x .20 = approximately 
14,000,000 cu. ft. per year or, at $1.00 per M. cu. ft. 
$14,000 loss in gross revenue. 


This appears to be a problem which deserves further study and 
research by future meter committees. 


Four-Pointing Sprague Meters 

It has generally been recognized that four-pointing is one of the 
most economical and exacting tests that can be applied to a gas 
meter as a preliminary step toward final accuracy proof. Though 
it has long been customary to make this test on tin meters, the 
practice is usually not extended to Sprague meters on account of 
their open top construction. One company, however, reports that 
it has perfected a method whereby this practice may be applied 
to these meters—including the 1-A model. Fig. 6 shows a photo- 
graph of such a four-pointing machine. By means of a pneumatic 
connector low pressure air is passed through a carefully calibrated 
meter equipped with a special indicating hand to the outlet port of 
the meter under test. With the exception of the 1-A Sprague 
meter, the usual method as applied to tin meters is used. It will 
be noted (Fig. 7) that on the 1-A Sprague meter, five distinct 
leakage tests are made. 


Automatic Temperature Control of Prover Rooms 

Two companies report experience with this practice. The sys- 
tem of the first company has been in use for several years and 
employs gas-steam radiators, electrically controlled by a thermo- 
stat. A circulating fan is provided to prevent differences between 
floor and ceiling temperatures. It is interesting to note that this 
company varies its prover room temperature to conform approxi- 
mately with that of their repair shop. Thus in the winter it is 
held around 70° F., while in the summer, during extremely warm 
periods, it sometimes is held as high as 90° F. 

The second company uses thermostatically controlled electric 
heaters in conjunction with circulating fans. Prover room tem- 
perature is maintained at 75° F. with a 3° variation either way. 
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Fig. 8 is a sample temperature chart taken from the prover 
room of this company Oil is used as a prover seal by both com- 
panies, as it has been found to follow more closely slight changes 
in room temperature. 
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Periodic Old Age Test and Annual Statistical Reports 


The Committee this year was requested to make a study of the 
advisability of extending the regular six-year periodic test sched- 
ule. 

Because of the varied operating conditions under which service 
meters function, there is considerable difference of opinion in 
regard to the wisdom of such a move. Meter accuracy over long 
periods of time is almost entirely dependent upon the amount and 
kind of gas measured. Also statistics are hardly a criterion of 
the true physical condition of gas meters, as was shown elsewhere 
in this report. It would therefore appear that determination of an 
old age test schedule is a problem of the individual company and 
can be intelligently answered only by a close study of its particular 
condition. 

Editor’s Note: The Committee has also prepared a statistical report for 1929 


on the life expectancy of meters, similar to that available since 1924. This 
report may be had upon application to the Secretary. 


Governor Performances and Capacities* 


HE 1929 Committee on Gas Regulator Performances pio- 

neered the preliminary investigations necessary to give the 

members of the Pacific Coast Gas Association complete data 
whereby they might select the proper size governor for pre-deter- 
mined conditions. The 1930 Committee wishes to congratulate the 
one of last year for its excellent descriptions and explanations of 
governors and also for the tedious work necessary to build an 
experimental installation which would give resufts comparable to 
actual working conditions. We have at- 
tempted to pick up the thread of the last 
year Committee’s work and are now pre- 
senting the work done and accomplish- 
ments obtained during 1930. 


Description of Test Set-up 

The set-up for testing district gover- 
nors was briefly described in the report 
of the 1928-29 Committee; but as a few 
changes have been made resulting in a 
more satisfactory method of testing, it 
is presumed that a moré complete de- 
scription may be of interest to those de- 
siring to know under just what condi- 
tions the governors were made to per- 
form. 
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A diagram of the installation is shown 
in Fig. 1. In this set-up natural gas 
passes through a 6-inch of 2-inch pilot 
controlled governor connected in parallel, 
depending upon the rate of flow, then through approximately 150 
feet of 6-inch pipe to the governor under test. From the outlet of 
the test governor, the gas passes through swedges into approxi- 
mately 25 feet of 6-inch pipe, then through a 6-inch by 8-inch 
flange into an 8-inch orifice meter, then through approximately 
one-quarter of a mile of 12-inch and 30-inch pipe to a holder, or 
through a large positive displacement meter to the atmosphere if 
relatively small volumes of gas are to be measured. 


The rate of flow through this set-up is controlled by an 8-inch 
gate on the down-stream side of the orifice meter or by a 4-inch 
gate on the line leading to the positive meter. When it is desired 
to obtain lock-up pressures, all flow is stopped by closing a Nord- 
strom on the high side of the orifice meter. 


Accurate control of the pressure on the inlet side of the gover- 
nor under test is given by the pilot controlled 6-inch and 2-inch 
governors, although it was found necessary to supplement these 
with a 1l-inch blow-off to prevent any build-up in front of the test 
governor under relatively small flows and at lock-up. To measure 
the inlet pressure, a one hundred pound calibrated spring gage 
was installed on the reducing spool at the inlet of test governor. 
The outlet pressure was measured on the down-stream side of the 
4-inch by 6-inch swedged nipple. Downstream pressures exceed- 
ing 25 pounds were measured by a spring gage, while pressures 
less than 25 pounds were obtained with a mercury column. The 
downstream pressure was taken at this point rather than at the 
outlet of the governor because governors are almost always in- 
stalled in lines of larger diameters than the diameters of the gover- 


*Governor and Regulator Capacities: Report of Committee: F. fr. 
Chairman, So. Co. Gas Co.; E. G. Campbell, Pac. Gas & Elec. Co.; D. S. 
Kelleway, Portland Gas & Coke Co.; Fred Hough, So. Co. Gas Co.; Wm 
Furlong, So. Calif. Gas Co.; Walter Pieper, So. Calif. Gas Co.; Otto Goldkamp, 
San Diego Cons. Gas & Elec. Co.; H. S. Harris, L. A. Gas & Elec. Corp.; Wm 
Sheppard, Northwest Cities Gas Co. 
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Fig. 1.- Set-up for H-H Governor Test—Los Angeles Gas and Electric Corp. General lay-out shown above, detail in lower diagram. 


nor connections and it was desired to eliminate any errors due to 
the high velocity of the gas as it discharges through the outlet 
throat of the governor. 


Method Used in Testing 


The procedure used in making the tests is not the same as that 
used last year. Last year maximum capacities were given at var- 
ious pressures. ‘These capacities were obtained by setting the gov- 
ernor at a normal flow and then increasing the flow until the pres- 
sure broke rather fast. The rate of flow at the point which the 
pressure started to break was reported as the capacity of the gov- 
ernor. While this figure is useful in comparing the capacities with 
regulation against capacities with the valves blocked open, it can 
not be used to absolutely justify the selection of a particular size 
and type governor. Therefore, the curves were plotted to show 
the pressure limit of all capacities between the lock-up and the 
maximum flow, and from these curves the allowable pressure 
ranges could be determined. For instance, referring to the 50 
pounds inlet chart for the 2-inch by 2-inch Emco with 1%-inch 
valves, if almost perfect regulation were required at 26 pounds 
outlet the capacity would be approximately 40,000 cubic feet of gas 
per hour, while if a 1-pound drop were not undesirable, the gover- 
nor could be used up to 65,000 cubic feet per hour. 

The method used this year for determining the capacities is as 
follows: The governor was set at a random position for a definite 
inlet and outlet pressure. Holding the inlet pressure constant, the 
flow was increased through the downstream control and pressures 
and capacities were recorded at sufficiently small intervals of valve 
travel to construct an intelligent curve. Ample time was given 
before each reading for the governor to make any possible read- 
justment. After the valves had lowered to a wide open position 
and the outlet pressure had dropped considerably below a sensible 
operating pressure, the downstream gate was closed intermittently 
and the capacities and pressures were checked on the closing of the 
governor valve. This method was used to give an average curve 
as it was found with the governors tested that the pressures re- 
corded while the valve was opening did not coincide with those 
taken while the valve was closing. This fact is not as serious as 
it may seem, for we determined that the phenomenon was due 
entirely to friction, and the ever fluctuating load and inlet pres- 
sure obtained under actual working conditions are sufficient to 
release the friction resistance of a well operating governor. 


Makes and Types Tested 


The Committee has found the time thus far available to perform 
these tests quite insufficient. We have only partially completed the 
testing of high pressure delivery governors and none of the low 
pressure type. We have tested high pressure delivery balanced 
valve governors manufactured by the Reliance Manufacturing Com- 
pany, Pittsburgh Equitable Meter Company and the Chaplin-Fulton 
Regulator Company, and at this time we wish to thank the repre- 


sentatives of these companies for their valuable co-operation in 
making possible these tests. Tests were performed on governors 
with valve diameters ranging from 1 inch to 4 inches, and governor 
castings ranging between 2-inch and 12-inch inlet and outlet flanges. 


Pressure Range of Tests 


Due to lack of inlet pressure, lack of large volumes of gas, and 
facilities to handle the gas after it has passed through the test 
governor, tests were made only between 10 and 125 pounds inlet, 
2 and 30 pounds outlet. 


Special Tests 


Before developing capacity curves, special tests were made to 
determine the proper adjustments and working conditions for the 
governor. Results are itemized and briefly discussed below. 


(1) Valve Travel: Tests were run on Emco governors to de- 


termine the effect of a longer valve travel. The results indicated 


that the regulation was not impaired by having a valve travel 
longer than the manufacturer’s standard. One-inch valves may 
be set at 0.3 inches, and 2-inch valves at 0.50 inches travel without 
affecting the regulation, and the capacities will be increased from 
5 to 15 per cent in each case. Fig. 2 shows a representative test. 
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Fig. 2. Showing effect of valve travel. Governor type: 2x2 balanced 
valve H-H. Il-inch diaphragm; 14-inch valves; extended breather 
line. 30 pounds inlet pressure. 
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Fig. 3. Showing effect of extended breather line. Governor type: 
2x2 balanced valve H-H. ll-inch diaphragm; l-inch valves; 0.4- 


inch valve travel. 100 pounds inlet pressure. 


Practically a valve size would not be selected within the small 
limits of this additional capacity, nor would it be practical to make 
such exacting measurement of valve travel under operating condi- 
tions. The test does show, however, that when comparisons of 
governor capacities are made, the valve travel should be consid- 
ered. The tests also show that no undue precaution is necessary in 
setting the valve travel for distribution regulation. While definite 
research was made on only a 2-inch Emco governor, all the capac- 
ity tests were run at various valve travels in order that the tests 
might more closely approximate field conditions, and inspections of 
all the capacity curves obtained show the same slope of regulation 
regardless of valve travel. Pulsation, due to extended valve travel, 
was not encountered on the test set-up. 


(2) Extended Static or Breather Line: It was found that a 
governor with the breather line connected on the upstream side of 
the outlet flange would tend to compound due to the gas velocity 
tending to create a vacuum on the breather line take-off, thereby 
decreasing the pressure under the diaphragm making the weights 
more effective, with a resulting increase in outlet pressure. Com- 
pounding may be obtained in excess of 100 per cent of the set 
pressure with a street ell connected to the breather line in the out- 
let throat of the governor. It is also true, at certain pressure com- 
binations, the outlet port of the governor cannot pass the same 
quantity of gas as the valves, but this may be overcome by extend- 
ing the breather or static line downstream to a larger reservoir. 
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Fig. 4. Showing effect of stem packing. Governor type: 3x3 Emco 
balanced valve H-H. ll-inch diaphragm; 2-inch valves. Extended 
breather line. 25 pounds inlet pressure. 
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Fig. 5. Showing effect of releasing dynamic gas under diaphragm. 
Governor type: 3x3 balanced valve H-H. Il-inch diaphragm; 2-inch 


valves. Extended breather line. 50 pounds inlet pressure. 
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Fig. 6. Showing effect of diaphragm position. Governor type: 3x3 
balanced valve H-H. 9-inch diaphragm; 2-inch valves. Extended 
breather line. 5@ pounds inlet pressure. 
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Disregarding extensions to overcome pipe line friction, it was 
found that a smoother and more consistent regulation curve could 
be obtained by extending the breather line past the outlet flange 
of the governor, preferably to a pipe of larger diameter than the 
governor outlet, or to a bend in the line. Fig. 3 shows the effect 
of extended breather line. 


(3) Stem Packing and Stuffing Boxes: Some of the gas com- 
panies have been making it a practice to eliminate diaphragm stem 
bushings from governors with the thought that friction would be 
lessened. With this thought in mind, we decided to run tests with 
and without stuffing box packing and the results have been most 
illuminating. 


WESTERN GAS 


The two graphs, Figs. 4 and 5, are practically self-explanatory. 
An absolutely new 3 by 3 Emco H-H governor obtained directly 
from the warehouse was used for the test. Fig. 4 shows the regu- 
lation obtained with and without diaphragm stem packing. All 
conditions for the test, including identical weights and leverage, 
were duplicated. It was also found that the governor was much 
more sensitive without the packing than with, and the higher lock- 
up shown on the black curve on Fig. 4 is probably due to stopping 
the downstream flow too rapidly for such sensitivity. 

Working on the theory that more gas passed by the unpacked stem 
at the same pressure drop than could flow through the 3/32-inch 
orifice in the diaphragm’ casting at the breather line connection, the 
orifice was drilled to a %-inch opening with results as shown on 
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Fig. 8. Average maximum capacities of high pressure balanced valve governors, as a function of the inlet pressure; uncorrected for outlet pressure. 


| Capacities of high pressure balanced valve governors only 

when inlet pressure exceeds 10 pounds gage. 
Equations based on curves of Fig. 8. 
Diam. — Approximate 
Each Valve Capacity Equation in Cubic Feet 
Valve — Travel per Hour 
1 inch 0.30 @ equals ( 578 P plus 5,780) A 
144 inch 0.30 © equals ( 1,334 P plus 13,340) A 
1% inch 0.30 Q equals ( 1,600 P plus 20,000) A 
2 inch 0.45 () equals ( 4,000 P plus 20,000) A 
2% inch 0.55 ( equals ( 5,400 P plus 20,000) A 
3 inch 0.55 @ equals ( 8,700 P plus 25,000) A 
3% inch 0.75 @ equals (11,900 P plus 35,000) A 
4 inch 0.75 © equals (15,500 P plus 35,000) A 
5 inch 0.85 equals (24,200 P plus 50,000) A 
Where: 


( equals capacity in cu. ft. per hour at 14.73 lbs. per 
sq. in. and 60 deg. F. of 0.63 sp. gr. natural gas. 

P equals gage inlet pressure lbs. per sq. in. 

A equals decimal as taken from Fig. 9. 


Basis of Curves: 


Atmosphere Pressure..... . 14.73 Pounds per Sq. In. 
Specific gravity.......... 0.63 
Temperature.............60. Degrees F. 


Correction Factors: 


Pressure base 
14.73 


Actual Pressure Base in Lbs. per sq. in. absolute. 


Specific gravity 


Fa 
Q X 
Actual Sp. gr. g. 


Temperature 


520 


460 X actual temperature deg. F. 


Fig. 8-A. 


September, 1930 


Fig. 5. (Please note the difference in scale of Figs. 4 and 5.) 
The reasoning for the phenomenon illustrated is that the higher 
pressure gas trapped under the diaphragm restricted the opening 
of the valves until the outlet pressure became low enough to ac- 
commodate the necessary flow through the 3/32-inch orifice. En- 
largement of the orifice eliminated the restriction. 


From the foregoing we conclude that the higher pressure gas 
under the diaphragm will tend to cause the valves to shut, thereby 
creating an undue pressure drop on the outlet of the governor, and 
that stuffing boxes should be utilized where supplied by the manu- 
facturer. Also that governors employing grease, packing, inner 
diaphragms, etc., will give only their maximum capacity as long as 
that element remains effective. We have found that in some cases 
a governor will pulsate with a small orifice in the breather line 
and in other cases with a large orifice. Where conditions permit, 
the orifice in the diaphragm case leading to the breather line may 
be drilled to a larger opening and the stufing box packing omitted, 
thereby saving a certain amount of maintenance expense, 


(4) Diaphragm Position: Performance tests with the dia- 
phragm in various positions were also made and an illustration is 
shown in Fig. 6. The diaphragm position on the stem was raised 
and lowered, but without interfering with the diaphragm casting. 
It was found that the best regulation occurred when the center of 
the diaphragm, in lock-up position, was very close to the same 
plane as the outside rim of the diaphragm on the casting. 


Capacities and Performances 


Because of the results obtained in the preceding tests, it is 
recommended that capacity curves for general usage be made with 
data obtained from governors exactly as delivered from the manu- 
facturer except that they be equipped with a short extended 
breather or static line. Summary curves are included with this 
report for average balanced valve high pressure delivery gover- 
nors plotting outlet pressure against capacity per hour at 14.73 
pounds per square inch and 60°F. of 0.63 specific gravity gas. 
Examination of test data on various size governors with the same 
size valves indicate that capacity is dependent on the valve and 
not the governor size. However, as previously explained, the data 
showed that at certain pressures the governor castings were not 
capable of passing capacity of the valves without considerable 
pressure fluctuation. The exact demarcation for valve size and 
governor casting cannot be given at this time. 


The amount of friction due to lever arm or diaphragm stem 
binding, valve guide scraping and stuffing box binding, is one of 
the deciding factors of good regulation and lock-up. Therefore, 
it is desirable to eliminate friction as much as possible within the 
bounds of practicability. Other conditions being equal, additional 
weights and leverage tend to increase the friction and therefore 
increase the lock-up to a small extent. Of course, there are other 
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Fig. 9. “A” value. 
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Fig. 10. Showing expected pressure fluctuation wih a constant inlet 
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pressure. Breather (static) line extended beyond outlet flange of govern 


factors such as dirt lodging on the valve seat and dirt and gas 
cutting the sharp edge orifice; but when the governor is first set, 
lock-up depends mainly on the care taken in setting the valves in 
the shop. The governors used for these tests were left as re- 
ceived from two gas companies’ regulator shops or from the manu- 
facturers stock, and therefore, the lock-up pressures as shown are 
on an average of what might be expected rather than an exact 
figure. 


In the mid year, the Committee was confronted with the problem 
of assembling an indefinite number of capacity and performance 
curves so as to produce an intelligent average of them in the least 
possible space, so at this time, we present a total of four graphs 
with which we believe it possible to select the proper size governor 
to meet pre-determined specifications. 


Similar to any orifice, there is a pressure differential where the 
capacity becomes independent of the downstream pressure, and as 
shown on Fig. 8, we found that at this differential the capacity was 
a straight line function of the gage inlet pressure. A governor is 
very often compelled to operate at a small differential and there- 
fore we found it necessary to include the curve on Fig. 9 which 
is to be used as a correction multiplier. Fig. 10 shows average 
performance curves plotting outlet pressure against capacity with 
a constant inlet pressure, while Fig. 11 gives the average outlet 
pressure fluctuation due to a varying inlet pressure. 


Fig. 7 shows the experimental data from which the curve on 
Fig. 9 is taken. The downstream maximum pressure allowance 
on our test installation was slightly over 50 pounds gage and so 
we were somewhat limited on the test. The three heavy curves 
sloping downward to the right on Fig. 7 show the tests as made at 
10, 25 and 50 pounds gage pressure, while the lighter intersecting 
curves are points of delivery pressure expressed as a percentage 
of the inlet pressure. At each intersection, the per cent of the maxi- 
mum obtainable capacity at that inlet pressure is given, and it is 
the average of these percentages plotted against gage outlet pres- 
sure expressed as a percentage of gage inlet pressure that Fig. 9 
has been derived. 


Fig. 8-A is in reality a continuance of Fig. No. 8. It gives the 
equations of the curves and also shows the base used and the cor- 
rection factors. As with the curves, it should be remembered that 
the equations may be used only when the inlet pressure exceeds 
10 poungs gage. 


Before further discussing the capacity charts, it should be em- 
phasized that the size of a governor should be selected on a basis 
of the maximum load required under the probable minimum inlet 
pressure. 


Instructions for Use of Charts 


To obtain maximum capacities and performance of the average 
weighted lever arm balanced valve governor: 


(a) Ascertain diameter of each valve to nearest % inch. As- 
sume both valves of the same diameter. 


(b) Reading the inlet pressure on the extreme left of Fig. 8, 
follow horizontally to meet curve representing diameter of valve 
in question, then follow down vertically to read maximum possible 
capacity for the given inlet pressure which capacity must be modi- 
fied to correct for the outlet pressure. 


Page 158 


(c) Multiply the value obtained in (b) by the term “A” as 
obtained from the curve on Fig. 9. The term “A” corrects for the 
outlet pressure as explained on Fig. 9. 


(d) Referring to Fig. 10, select on the extreme left the outlet 
pressure corresponding closest to the outlet pressure to be used in 
the field. The vertical distance on this curve between any two 
selected capacities on the bottom scale will give the outlet pres- 
sure fluctuation under conditions of a constant inlet pressure. 


(e) If there is to be a marked fluctuation of the inlet pressure, 
refer to Fig. 11. Select the curve closest to the proposed outlet 
pressure as given on the extreme left. The vertical distance on 
this curve between any selected inlet pressures as read on the bot- 
tom scale will give the outlet pressure fluctuation due to a varying 
inlet pressure. 
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Fig. 11. Showing the effect of a varying inlet pressure on the delivery 
pressure with a constant rate of flow. 


This procedure may be varied to determine size of valve, inlet 
pressure, or necessary differential. 


Note that the fluctuations found in (d) and (e¢) may be additive 
or compensative. This may be determined through a study of 
pressure schedules on the trunk lines which supply gas to the 
governor. 


Selection of Diaphragm Size 


As various governors employ different size diaphragms, the 
Committee cannot direct the use of sizes. However, an approxi- 
mation of the following is recommended. 


Inside Diameter of 
Diaphragm in Inches 


Pounds Per Square 
Inch Outlet Pressure 


1 to 4 pounds 14 inches 
2 to 11 pounds 11 inches 
10 to 30 pounds 9 inches 
30 to 50 pounds 7 inches 


50 to 100 pounds 5% inches 


100 to 500 pounds 4 inches 


WESTERN GAS 


Conclusion 


Plans are now in preparation for the construction of an elaborate 
installation for the testing of governors with outlet pressures less 
than 10 pounds gage; but this Committee will not have the oppor- 
tunity to perform these tests before the 1930 Convention convenes. 
We believe that, with the aid of the 1929 Committee, we have 
paved the way toward sounder engineering principles in the selec- 
tion of governors; but likewise, we also admit that we have left 
a considerable portion of the work undone; therefore we seriously 
recommend that this committee be continued for the ensuing year. 


Pipe Protection* 


THE ECONOMICS OF PROTECTIVE 
COATINGS* 


N organic life, nature has provided means for rapid decay 

after death, through the medium of bacteria. 

Inorganic substances also decay or change form, by chemical 
or electro-chemical processes, the rate being dependent upon the 
combination of many factors. Our principal interest here is the 
alleviation, delay or cessation of some of these factors as applied 
to underground pipes used in the distribution of gas. 

The losses caused by the corrosion of metal as used for man’s 
purposes, are estimated at several hun- 
dred million dollars annually, of which 
a considerable part is due to the corro- 
sion of underground pipes. 

In an endeavor to cut down these cor- 
rosion losses, large amounts of money 
are spent each year for protective pipe 
coatings. It is very easy to claim that a 
protective coating will increase the length 
of life of a pipe, but even though the life 
of a pipe be lengthened, the true mone- 
tary saving, if any, can be computed only 
by giving due consideration to all of the 
economic factors involved. 

There are two general causes of cor- 
rosion of buried pipes. The first is elec- 
trolysis, which is the breaking down of 
the structure of the metal due to the 
passage of an electric current from the 
pipe to the ground. The second is the 
breaking down of the structure of the metal due to the chemical 
or electro-chemical action of the corrosive agents of the soil on 
the surface of the metal. 

The corrosion due to electrolysis may be prevented er delayed 
by either controlling the electric currents or insulating against 
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‘them. It is a generally accepted fact, however, that the control 


of the electric currents provides the most effective and economical 
preventative. 

When electrolysis is controlled, there still remains the problem of 
preventing the contact of the corrosive agents of the soil with 
the surface of the pipe. Protective pipe coatings are widely used 
for this purpose. The types in general use are paints, dips, enamels, 
non-metallic conduits, cement mortars, or a combination of any 
of these. The coatings are frequently reinforced with a wrapping 
of either paper, cloth, fabric, or felt. 


The effectiveness of a coating in protecting a pipe is dependent 
on: 


1. The merit of the coating itself or its ability to prevent the 
air and moisture of the soil from coming in contact with the pipe. 


2. The bond that is formed between the coating and the pipe. 
This bond must be stronger than the bond between the coating 
and the soil or the action of the soil under varying conditions 
will pull the coating away from the surface of the pipe which will 
be left unprotected. 

3. The ease with which the coating may be effectively applied 
with the available equipment and labor. 

4. The ability of the coating to withstand the shocks and 
abrasions to which the pipe is subjected in the course of trans- 
portation and construction. 

5. The ease with which damages to the coating may be de- 
tected and repaired during the course of construction. 


* Committee Report: E. S. Honberger, Chairman, So. Calif. Gas Co.: S. W. 
Binckley, So. Calif. Gas Co.; . T. Burton, So. Calif. Gas Co.; Guy Cor- 
field, L. A. G. & E. Corp.; Dan R. Hiskey, So. Calif. Gas Co.; B. W. Mueller, 
Western Gas Construction Co. 


** Submitted by Le Roy Sloan, Valuation Department, Southern Counties Gas 
Company, and Ralph U. Fitting, Valuation Engineer, Los Angeles Gas and Elec- 
tric Corporation and Southern Counties Gas Company. 
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In a study of the economic justification of a protective coating 
it must be kept in mind that the function of a pipe line is to 
distribute a commodity at the lowest possible cost. 

If there is sufficient reason to believe that a protective coating 
will retard corrosion, the effect of this factor on the distribu- 
tion cost should be considered. The annual depreciation charge 
is based upon the anticipated physical or service life, whichever 
is the shorter. In the case where the service life of a pipe line is 
longer than the physical life of a pipe, any method of retarding 
the rate of corrosion will increase the life of the pipe and decrease 
the annual depreciation charge to the cost of distribution. In 
the case where the service life of a pipe line is equal to or less 
than the physical life of an unprotected pipe, retarding the rate of 
corrosion will increase the salvage value of the pipe. In view 
of the fact that depreciation is figured on the difference between 
the installation cost and the salvage value, an increase in the 
salvage value of the pipe would decrease the annual depreciation 
charge. 

The cost of the protective coating, however, will increase the 
cost of distribution due to two factors (1) the annual depreciation 
charge and (2) the annual fixed charges which are based on the 
cost of the coating. If the sum of these extra costs is greater 
than the saving due to increasing the life or the salvage value of 
the pipe, the cost of distribution will be increased and the cost of 
the protection is not justified. 

The variables which must be considered in the mathematical 
computation of the savings made possible by the use of a protective 
coating are 


Service life of the pipe line. 

Physical life of unprotected pipe. 

Physical life of protected pipe. 

Cost installed of the unprotected pipe. 

Cost installed of the protected pipe. 

Fixed annual charges against the cost of the pipe line. 
Replacement cost. 

. Salvage value of the pipe. 


The service life of a pipe line may be continuous under stable 
conditions or it may be limited by special conditions such as the 
termination of the demand or the increase of the demand above 
the capacity of the pipe. 

The determination of the physical life of both protected and 
unprotected pipe is highly important, especially as more and 
more pavements are laid having restrictions as to openings. 

In ascertaining the life of unprotected pipe there are several 
methods available. 

1. Make a study of actual replacements or renewals. This will 
give accurate information about any one locality and will also 
give data on the relative corrosiveness of the soils in diffefent 
localities. 

2. Take field measurements of corrosion. One utility has 
adopted this method successfully. When service taps are made, 
the pipe is cleaned with a wire brush and the depth of the deepest 
pits are measured with a micrometer. 

3. Make a visual inspection of the mains, and note surface con- 
ditions by grading against a set of standards. 

The physical life of protected pipe may be assumed to be equal 
to the life of unprotected pipe plus the effective life of the pro- 
tective coating. The simplest method of determining this is by 
the inspection of the coat whenever the main is exposed. If the 
pipe is corroded, the coating is no longer effective. 

The costs installed of protected and unprotected pipe are 
determinable factors. 

The fixed annual charge against the cost of a pipe line may be 
divided into two parts as applied to a regulated utility. (1) 
Depreciation charged in the form of annual compound interest 
sinking fund payments. (2) The fixed and limited net return 
allowed. Both of these can be determined as a percentage of the 
original or replaced cost of the pipe line. 

The cost of replacing a pipe at the end of its life is uncertain 
and therefore all minor variations should be ignored. If, how- 
ever, a pipe is to be laid in a dirt street and if there is sufficient 
reason to believe that the street will be paved before the end of 
the probable life of an unprotected pipe, the cost of replacing 
the pavement must be considered. 

The salvage value of a pipe at the end of its physical life is 
negligible and may be ignored. The pipe in use at the end of 
the service life may be in very good condition, however, and in 
this case the salvage value must be considered. 

As stated above, the justification for the extra cost involved in 
a protective coating is the fact that, after all of the economic fac- 
tors have been taken into account, the cost of distribution has 
not been increased. 

In order to equate these factors and to determine the annual 
charges applicable to the conditions, the following formulae have 
been prepared, together with illustrative examples. These formulae 
have been made to include factors which can be estimated from 
ascertainable data. 
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The following symbols have been given to the variable factors 
involved in the mathematical computation of the maximum amount 
of money that may be economically spent for pipe protection: 

z — Service life of the pipe line in years. 

n = Physical life of unprotected pipe in years. 

x = Additional years of life made possible by the use of a 

protective coating. 

C= Cost of unprotected pipe installed including overhead 
charges. 

P =Cost, at the end of n years, of replacing a pavement that 
did not exist at the beginning of n years. 

R=“Fair rate of return” or the rate, expressed in decimals, 
used in determining the allowable net income. 

r = Sinking fund interest rate expressed in decimals. 

V:= Salvage value of unprotected pipe at the end of z years. 

V2 = Salvage value of protected pipe at the end of z years. 

S: = Saving due to increasing the physical life of the pipe x 
years, or the amount of money including overhead that 
may be spent for a protective coating which gives the pipe 
x years of additional life. 

S. = Additional expenditure, including overhead, for a protect- 
ive coat allowable in the case where the street is to be 
paved during the period of n years. 

S; = Allowable expenditure, including overhead, for a protective 
coat that will increase the salvage value of a pipe from 
Vito Ve. 

r 
F, = = Sinking fund factor based on n years and r 


(1+r)™-1 


interest rate. 


r 
F, = = Sinking fund factor based on n years and r 


(1+r)®+*-1 


interest rate. 


r 
F; = = Sinking fund factor based on x years and r 


(1+r)*-1 


interest rate. 


r 
F,= = Sinking fund rate based on z years and r in- 
(1+r)7~1 
terest rate. 

The economic limit of S; is reached when the total annual fixed 
charge against the cost of a protected pipe line is equal to the total 
annual fixed charge against the cost of an unprotected pipe line, 
as expressed by the following equation. 


C(F: +R) = (C+ S:) (F: +R) 


and simplifying 

C (F:i— F:) 
“hey (1) 

F, +R 

The economic limit of S. is reached when the present worth of 
the annual fixed charges against S. over a period of n+ x years 
is equal to the present worth of the deferred annual fixed charges 
against P over the period of x years. 

S2(F2 + R) P(F: + R) 


F 2) 


F.(1 + r)"** F3(1 +r)? 
Then 
P(F;i + R)F: 


17 


F;(F2 + R) 

The economic limit of S; is reached when the total annual fixed 
charge against the installed cost of the protected pipe is equal to 
the total annual fixed charge against the installed cost of the un- 
protected pipe. 

(C—V;) Fi + CR = (C + S3— V2) Fs + (C+ Ss)R 
Then 
F,( V2— V1) 
S; = (3) 
F, +R 

It may be found that the cost of each of several different pro- 
tective coatings, corrosive resistant metals and wall thicknesses, is 
within the economic limit as computed above. In this case it is 
necessary to determine which will give the lowest annual charge 
to the cost of distribution. 

The annual charge “A” against any pipe is 

A = C(F + R) 
where C = Cost of the pipe installed. (4) 

F = Sinking fund factor based on the life of the pipe and the 
sinking fund interest rate. 

R = “Fair Rate of Return.” 
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2. The estimated cost of 4-inch wrapped steel pipe installed is 
$1.13 per foot, including overhead costs. 

3. ‘The estimated cost of 4-inch cast iron pipe installed is $1.09 
per foot, including overhead costs. 

4. The estimated life of 4-inch plain steel pipe is 10 years for 
this location. 

5. The estimated life of 4-inch wrapped steel pipe is 15 years 
for this location. 

6. The estimated life of 4-inch cast iron pipe is 50 years for 
this location. 

7. ‘The estimated cost of replacing the pavement at the end of 
10 years is $.40 per lineal foot of main. 

8. The depreciation reserve interest rate is .06. 

9. The “Fair Rate of Return” is .08. 

The maximum amount of money that may be economically spent 
for a main which will have a life of 15 years in comparison with 
an unprotected steel main having a life of 10 years is: 


F, — F, (Fi+ R)F: 
C+58:7+S.= C+ C—— +P 
F2-+ R (F. + R)F; 
07587 — .04296 (.07587 + .08) (.04296) 


983.30 + 983.30 + 400.00 


.04296 + .08 (.04296 + .08) (.17740) 
C + Si + S2 = 983.30 + 262.50 -+ 123.00 = $1,368.80 


The cost installed of 4-inch wrapped steel pipe ($1,129.80) is 
well within this economic limit. The cost of cast iron main 
($1,087.70) is also within the limit of economy. Therefore, the 
following comparison must be made in order to determine which 
type of main will give the lowest annual cost. 

The annual fixed charge against a main as determined by 
formula (4) is 

A = C(F +R) 


By using this formula, the following comparative table is com- 
piled: 


—— 


Type of Main Annual Charge to Cost of Distribution 


NS ERD $153.00 $215.30 $215.30 
Wrapped Steel .............. 139.00 139.00 188.00 


Re Dc clinsccccusnsnatinciin 90.60 90.60 90.60 


The following conclusions may be drawn from an analysis of the 
above figures which apply to a 4-inch main under the conditions 
stated in this problem. 

1. The use of wrapped steel pipe is justified if the working 
pressures are too high for the satisfactory use of cast iron pipe. 

2. The use of plain or wrapped steel pipe is not justified if the 
working pressures will permit the use of cast iron pipe. 

The use of the above formula as applied to particular installa- 
tions where some knowledge is ascertainable as to probable service 
life, physical life, paving, etc., may disclose interesting results as 
to the economics of different types of construction. It may prove 
that a uniform practice of a certain type of construction is not 
justified. 


OIL FOG LUBRICATION OF GAS MAINS* 


Definition and Purpose 


Y oil fog lubrication of gas mains is meant the admixture of 

a small quantity of oil fog or mist to gas just before or 

during its transmission or distribution. It should be noted 
that the use of a fog or mist and not of a vapor is contemplated. 
It will be brought out later than an oil-saturated condition of the 
gas will always exist as a necessary condition to the existence of a 
fog or mist. This saturation is a secondary effect, though none 
the less valuable on that account. 

Oil fog lubrication is ordinarily contemplated for use with dry 
or partially dehydrated. gas. Its general function is the creation 
of an oil moist condition of the interior of the mains, services and 
meters in place of the water-moist condition which exists when 
“wet gas is distributed. Such an oil coating will prevent dust 
troubles, prevent the drying out of joint and valve packings, seal 
minute leaks in the main, alleviate napthalene troubles, retard 
corrosion, and have a beneficial effect on meter leathers. 


Quantity and Kind of Oil Used 


We have set as a base standard 1 gallon of oil fog per million 
cu. ft. of gas as a desirable quantity. This is oil as fog and not 
the total oil in the gas which would be comprised of oil vapor and 
fog. In order that oil fog may remain as such when mixed with 


* Submitted by W. L. Shively and B. W. Mueller. 
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a gas, the gas must be saturated with respect to the oil used for 
fogging. In case the gas is not saturated, an allowance of ap- 
proximately 1 gallon per million cu. ft. at 60°F., or one-half gallon 
at 40°F., must be made to take care of the fog which will evaporate 
into the gas. The oil which vaporizes into the gas will not be 
entirely lost, however, since some of it will be condensed in the 
colder parts of the system and thus serve to augment the lubrication 
by the oil fog proper. 

Since the distribution troubles which oil fog is meant to over- 
come are more or less proportional in severity to the dryness of the 
gas, the following table will be useful in judging the amount of 
oil fog to be used for a specific case. 


Gallons Oil per Million cu. ft. Gas 
(Gas Containing no Oil Vapor) 


Per Cent Saturation 
of Gas (H:20) 


90-70 2 
70-40 3 
40-5 5 
Vote: In each case it is considered that 1 gallon of the fox goes over 


vapor phase to saturate the gas. 


In systems in which troubles are already acute, larger quantities 
of fog must be employed. Twenty gallons per million cu. ft. 
would probably be the maximum required in any case. 


The best oil for oil fog lubrication is believed to be straw or 
absorbent oil. This oil is low in price and readily available. 
Grades of gas oil are sometimes found which are suitable, but 
such oil should not be used unless analysis shows it to he compar- 
able to absorbent oil in character. Unsaturates especially should 
be low. Drip oil or holder oil should not be used under any cir- 
cumstances. 


Theory 

The use of an oil fog rather than oil vapor is emphasized be- 
cause of the limited amount of oil which a gas will carry in the 
vapor phase and because the deposition of oil from the vapor 
phase is dependent upon condensation. This condensation could 
only be induced by cooling and would be of a variable nature due 
to the irregular heating and cooling of the gas as it passes through 
the distribution system. On the other hand, the minute oil part- 
icles of which a fog is comprised are eliminated from the gas 
stream mechanically by settling or impingement upon the surfaces 
of the mine, and thus coat all parts of the system. 


The problem of producing a fog which would be adequately) 
persistent seems at first simple. We are all familiar with water 
vapor clouds which persist for long periods in the sky and have 
seen sprays of various types which produce dense fogs. However, 
the typical particle size of such fogs is such that they would be 
rapidly eliminated from the stream in the gas main. Also the 
actual amount of water or oil in these fogs is quite low. A fog 
so thick that it may be “cut with a knife” may have a liquid con- 
centration of less than half of one per cent by weight. 

It was found in laboratory investigations that a particle diameter 
of one-twenty-five thousandth of an inch or smaller was necessary 
to secure a fog of adequate persistence. ‘The minute size of these 
particles can perhaps be better appreciated when it is considered 
that one cubic inch of oil will produce very nearly 30 trillion such 
droplets and that the surface area of these particles would be 
150,000 square inches. It was further discovered that when we 
had secured droplets of the requisite fineness that the Brownian 
movement of the particles (brought about by molecular bombard- 
ment) caused them to collide with one another, which brought 
about larger aggregates that quickly settled. In practice this 
effect can be minimized by quickly diluting the fog after its forma- 
tion, 

Two methods of producing fog of the requisite characteristics 
were developed, i.e., atomization of the oil by compressed gas and 
a vaporization-condensation method. In the atomization method 
the oil is aspirated into a jet of rapidly moving gas. A large 
quantity of oil will be drawn through the jet and apparently a 
large quantity of fog formed, but only a small portion of the spray 
produced will consist of particles of the requisite degree of fine- 
ness. We have tested a large number of commercial nozzles and 
have designed and built many special nozzles of our own; but with 
the best of these we have been unable to secure a fog production 
which was better than 2 per cent of the total oil aspirated. We 
have, however, overcome this fundamental difhculty by recovering 
the coarser particles in the apparatus itself and allowing only fine 
fog to go forward into the gas stream. The elimination of the 
coarse particles is secured by passing the fog through a suitably) 
designed centrifugal separator. 

In the vaporization method of producing oil fog, a portion of the 
gas flow through the oil fog apparatus is bubbled through oil in 
a heating vessel thermostatically maintained at the optimum tem- 
perature. The hot, oil-saturated gas resulting is then quickly 
mixed with the main flow of gas through the apparatus, which 
chills the oil vapor and thus throws out a dense fine fog. This fog 
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Fig. 1. 


is led through a separator, where the coarser particles are elim- 
inated. The remaining persistent fog is led from the separator 
into the gas main, 


Practical Application of Atomization Principle 


Since so small a portion of the total oil aspirated was of suit- 
able fineness, it can be appreciated that the mounting of any type 
of spray of jet directly in a main will be quite wasteful. A smal! 
per cent of the total oil used will go to saturate the gas and a 
smaller quantity will go forward in the gas stream as a fog suit- 
able for lubrication of the mains. By far the largest portion of the 
oi! (about 98 per cent) will quickly settle from the gas stream and 
drain to the nearby drips. Laboratory data and actual installations 
in the field have fully demonstrated this action. 

It will be appreciated, too, that the energy cost per pound of 
persistent fog is so high that it is rarely economical to compress 
gas for the express purpose of oil fogging by the atomization 
method. However, gas is commonly compressed for the purpose 
of transmission and distribution and it is often possible to utilize 
this pressure for the production of oil fog. In case a pressure dif- 
fenential of 5 pounds or more is available, the gas may be used 
directly in the oil fog device. Such an apparatus is shown in 
Fig. 1. Assuming that the gas is already oil saturated, it will be 
necessary to pass about 2 per cent of the gas which it is desired 
to fog through the device to produce 1 gallon oil fog per million 
cu. ft. of gas. Assuming that the gas is not saturated with the oil 
which is being used for spraying it will be necessary to double the 
amount of gas passing through the fogging device since fog to the 
extent of 1 gallon per million cu. ft. of gas will vaporize into the 
gas at 60°F., if gas oil or absorbent oil is used. 

An interesting phenomena observed in our investigation on oil 
fog production by atomization is that a cu. ft. of gas (measured 
under standard conditions) will produce the same amount of oil 
fog regardless of the pressure to which it is compressed before 
expansion through the oil atomizing nozzle. That is, a cu. ft. of 
gas compressed to 30 pounds per sq. in. With a given nozzle a 
larger total quantity of fog will be produced with high pressure 
gas than with low pressure; but this is because the nozzle passes 
a greater number of cu. ft. of gas at the higher pressure, and not 
because each cu. ft. passed is more efhcient in atomization of the 
oil. 


Vaporization Methods of Producing Oil Fog 


Since atomization methods of producing fog must ordinarily em- 
ploy gas compressed for distribution purposes, the development of 
another type of fogging unit was undertaken. This device. of which 
Fig. 2 is an example, employs the vaporization-condensation method 
and requires only sufficient differential pressure to force the 
gas through the apparatus. This is of the order of No. 1 per 
sq. in., and, if not available, can be supplied by an electric- 
driven blower integrally mounted. The energy input for fog 
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formation is in the form of heat which may be derived from gas 
or from electricity, where a gas flame might constitute a hazard. 
These units are built for a capacity of 30 gallons oil fog per 
(24 hr.) day electrically heated, and up to 50 gallons of oil fog 
for the gas heated type. The heat input is thermostatically con- 
trolled and the oil feed is automatic, the level being controlled by 
a float valve. The only attention required by these units consists 
of keeping the oil supply tank full and the weekly draining of the 
oil heating vessel to prevent the accumulation of heavy ends. The 
heat input for the electrical type is of the order of 5 kw. per hour 
and the gas heated unit burns 4 cu. ft. gas per hour when sending 
out 30 gal. fog per day. Due to the thermostat control on the heat 
input, the only adjustment necessary to vary the fog sendout is the 
throttling of the sweep gas flow through the unit. These units are 
particularly adapted for use at booster rooms, holder stations and 
other points where large quantities of oil fog are required. The 
cost of oil fog lubrication by an electrically heated “hot” fogger 
using absorbent oil at 15c per gallon and including all fixed and 
operating charges is two-hundredths of a cent per M cu. ft. gas 
treated at the rate of 1 gallon fog per million cu. ft. 


Oil Fog Detection 


In our laboratory and field work it was imperative that we have 
some method of determining the quantity of oil fog in the gas, in 
order that the comparative merits of different methods could be 
judged and so that a quantitative value of the persistence of the 
fog could be arrived at. One gallon of oil per million cu. ft. of 
gas amounts to about 5 grains of oil per 100 cu. ft. gas and, at 
points distant from the point of spraying, only a fraction of the 
original oil may be present in the gas. An ingenious and simple 
method* was devised which consisted of the solution of an oil 
soluble dye, such as duPont Sudan III, in the oil used in the spray 
device under test. From ™% to 1 oz. of dye per gallon of oil is 
used. ‘To test for the presence of oil fog at any given point, gas is 
passed through a tar camera. Presence of oil fog is indicated by 
an easily discernible pink tint on the filter paper. This method 
can be made quantitative by measuring the volume of the gas 
passed through the filter paper and comparing the tint produced 
with calibrated standards prepared in the laboratory. 

The dye method cannot be used for detection of oil fog pro- 
duced by the vaporization method, since the dye will not volatilize 
with the oil. Some experiments were run employing iodine, but 
with indifferent success. The method finally adopted consists in 
mounting a tar camera or a suitable substitute such as a 2-inch 
union in a small by-pass around a governor. The high pressure 


*“Lubrication of Gas Mains by Means of Oil Fog’’—O. H. Blackwood and 
P. G. Exline, Industrial & Engineering Chemistry, Pg. 1258, Dec., 1929. 
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side of the by-pass is fitted with a cock to control the flow of gas 
through it. This cock is adjusted to secure a moderate flow of gas 
through the by-pass and a carefully weighed qualitative filter 
paper is placed in the tar camera or union. After 24 hours the 
filter paper is removed and again weighed. It is first necessary to 
run this test before mixing any oil fog with the gas in order to 
establish a blank value, since the filter paper will gain in weight 
due to small particles of dust, tar, fog, etc., which it intercepts. 


Data from a field test at a governor pit approximately 1 mile 
from the point of oil fog injection are: 


Gain in 


Test Duration 
No. of Test Wegnt  emarks | 
1 24 hr. 4.5 mg. No oil fog being mixed with gas 
2 24 hr. 11.7 No oil fog being mixed with gas 
3 24 hr. 38.4 Oil fog mixed with gas at booster 
room 
4 18 hr. 21.1 Oil fog mixed with gas at booster 
room 
Summary 


An oil moist condition of the interior of the mains and services 
of a distribution system is an effective preventive of dust trouble 
and joint leakage which may occur with dry gas. Only a few gal- 
lons of oil per million cu. ft. gas, in the form of a fine fog, are 
required to “lubricate” a system, and the cost is only a few hun- 
dredths of a cent per M cu. ft. gas treated. Laboratory and field 
investigations indicate that the particles composing the oil fog must 
not be larger than one-twenty-five thousandth of an inch diameter 
if they are to possess adequate persistence. A fog of such particle 
size may be produced by atomization or vaporization methods. 
Such devices are now being successfully employed in the distribu- 
tion of dehydrated manufactured gas and in conjunction with the 
introduction of natural gas into systems formerly used for the dis- 
tribution of wet manufactured gas. 


PERMEABILITY OF PROTECTIVE COATINGS 
TO ELECTRIC CURRENTS AND MOISTURE* 


T is generally conceded by gas distribution operators that the 
most important requirements of an underground pipe protective 
coating are that it be a non-conductor of electricity and that it 
resist the absorption of water. The latter is doubly important 
because water not only is in itself detrimental to steel but conducts 
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While long-time burial tests under actual service conditions are 
regarded with more favor that accelerated laboratory tests they 
are scarcely more satisfactory, as is evidenced by the lack of agree- 
ment among investigators, and the scarcity or even absence of any 
definite information from either large private interests or govern- 
ment sources. Upon investigation it is found that similar condi- 
tions are never reproduced—that either the soil varies, or methods 
of application were different, or preparation of pipe, and priming, 
was not done in the same manner, or the coating was applied 
thick or thin, with or without wrapper, etc. 

The following is a discussion of an attempt to device laboratory 
methods for testing water and electrical resistance, so that the 
tests can be made under the same conditions, in any location, and 
so be entirely comparative in nature. No acceleration is used; 
merely water immersion with periodic tests. 


M eth od 


Three thin copper plates—two, 2 inches square and one, 3% by 
4 inches, are coated with the protective material so that after 
drying to constant weight they will have a thickness of % inch 
(except cold applications, which have a thickness of 1/32 inch). 
This thickness does not include the copper plates. 

Cold applications are brushed on with brush strokes parallel, 
but for each successive coat the direction of stroke is at right 
angles to that of the former coat. The paint is dried so that the 
finger lightly pressed against the coating leaves no print, before 
the next coat is applied. The number of coats necessary to build 
up the correct thickness are applied. Hot applications are heated 
to temperature of free flow, being careful not to overheat. If no 
instructions are given by the manufacturers, the temperature just 
below that required for blue smoke is considered correct. Emulsi- 
fied asphalts are spread on with a spatula to a thickness of nearly; 
'4 inch so that they will be % inch thick when dry. 

The net weight of the coating on the smaller plates is deter- 
mined. ‘Then they are immersed in distilled water, from which 
they are periodically removed, the surface water dried off and 
their increase in weight determined. This represents the amount 
of water absorbed. 

The electric resistance of the coating on the larger plate is de- 
termined in ohms per square inch. Then it is immersed in a 
solution of 0.5 per cent NaCl and 0.5 per cent NasSO, from which 
it is periodically removed, the surface water dried off, and its 
electrical resistance determined. The recorded result is an aver- 
age of 4 tests taken on 4 different positions of the plate 

The electrical resistance is determined by means of a standard 
resistance box using the copper plate as one electrode and a cir- 


> > 
the destructive electric currents. * Submitted by QO. L. Wrestler, Los Angeles Gas and Electric ( 
>. 
a. eeemeenens " - yy ——J -- — ee 
< | | | j ? | | ; 
| > } | i ; 
I > a : a ; } i . > ’ 4 | 
ld +3 ; } } | } ; | | } } 
} + ] ? ! ; i+ ‘ ; } I 4 
“ | , > 
ale ieee: tas | | | | | } 
> + + +4 ee we em ee we pe wee oe + + ee 
< LJ ; ae ' tT Ft : | ] | ] 
> ios | ' -| i | ; ; ; ; i ‘ 
4 a SE & woes om ore nlare Ebene seewe oa ot oe } ais } 
na : aH + + + 4 + + i t ; 4 ; t | re a ’ ee Te eS 
lJ ef ; | } i I 
‘ ; , ; ; ; . 
+ + - + + ; ~~ 
ew 0 Pra pager foray : Br s aaaa aaah sags BR as Gug54 9583 0355 SS 3 SES 
Pp 4 - L} + +44 : ; | | } | 
 SO4 OS ‘ i } 
= < ee ee = n toes cub Bbawe t HH He ) Oe _ j pa 4 + -9-0 - 0 - 28 - ~ t 4 + > + 
° , , ; 
a 5 } ~+t44 | | j | } ; 
-lx > $ t 1; 
3I5 > 2.0/3 Sg5tLeses #EcHi raged cba Btu teraz eat OEE SLES: SELHidca tebe! f2ads fez, Heat coved loads teed saeee OLS: Seced evel) S8220 fod 
200° | ni je hae pe seens sae 1 
rv) -7 | } 4 rt + ‘ i } | | 
j<O 4 7 eheweas ethene tsi SESH. 2OFRS FEES S Cx B: { z amps t pes } ] 7 
uJ 7 14 , ; ‘ } ; | } ; 
™ ttt ; ; ; | : ; ; 
oju t TT ct tT t T T T apne PRPs aeees >». : 
ve) | : } pts | | 
; ; ; | > 
< ; H | ; a | j ; 
ai. I : ORE Ss Sas oe ae Ere BEES Bas TTT ygeed Tt t | 
ol } a tt i | 
ee } ess | } 
| Bf 7 -_ +> ~+ oe +e + tt me +e 
bk I I 1 wane i i 
; > ’ > 4 ’ ; ; 4 
FIZ } ee ry + | | } } 
4 Saa5889e1 CBE 33358 sosce cBcEs . “Sa202 ABEES SESSGESSSS LESEETESES CBSE ESE] ADEE ESS EG SESETESE t ; ; 
x spe a eenes oh. Sy pind | 
z — ae pe Scass SES SB ees : 4 4 pans bi 
+4. 4+ tire } | I | | - = 7 | +o ee ee et es 
-_ ‘+ s+ ‘* '* . 
| bas peapa seses spans tpsed : IBRIUM ESTAB | | 
~” baGee 86 os ease. ret A LISHED t ; 
j ‘ i aes P' , > +444 } ] ’ ] | | 
Wh ttt +444 ee | 414 } j : 
} > . ++ . } , 
oko | O tp me} t? na be eeoer ‘ i } a i = La 
| dle SVR Re rat i pSgE EDSG2 2FS73 SOG SSB RS aT TEES ) 335 
a ti 154 ee8 as | 
> iG > and Ss oa + ote > = > . +++ re indind | . } 
us aban bonged baas eeete base. : { i 
> +44 ++ p+ Sys sabes & ene ! ' 
+f } : : t ry ’ ’ ’ T ’ : a8 owe a weTar T. —TTT Trt e+ + 7 or 
a eee itt ; ; 
sang sepese eee + os i te ep te he - ee Oe ae et he 4 + rtict } ++ +--+ +-— +- ‘ 
ae Ss eeeeeteae. TT +htt4 S96 VUES F28R8 = ; Pisiss } aad i 
+ ++ + © + bt et + ee eH +> - TTT? 7 | . : ; | ; 
+t psteee4 bt yr tet eee 4 + 4+4 + 4 ee ‘ ; | ; ; ; 
ri tt . + ‘ t? titttrth t +> ‘ ; ‘ . + i ‘ | ‘ ; 
To 1114 sw T) ‘Tt TT Tt 1s Bapee: oe 7 | T tT t 
e6es uae ae Sooo b$347-444344444 eas caeds toast es 
| gaee dan. a 9Cane Conpesee a j it} } Th } i | } 
TTT: + +++ - ~ iiiienenainan anaindndinan anaemia aaa tHe + ~-~+ $= ae & + + --—+> + 
26.99 SEU: 8 | J Seen Paw a I ensese J Sees sane: | } | i } 
| - ; ; ‘ , 
meat hess: 9 OS SOF OES RS FOE ws Cee: 8 OSESS S2S08 RS SEs SeRes SEee:s Fe: rit enge ] I } | ae | ; | i 
t + + ; ek see ses Sewes sesees toned } fo +. + : 
Hitint ttt, SEees ae: rT aw : TT } ? | T T ; 
ryt > ++ ++ tito +++ ++~++ i444 +o-+ + ‘ + > o->-+ 4-44 +444 64 " 4 a | +4 —+ ‘ ] + ; ‘ 
‘rit str tt ttt ttt Ss See $e eet $444 + eta tee Sees | +44 4 + 1-4 | ; ; ; ; 
. ‘> ~~ + +++ +4 - Se anes: 4+ ++ + p+eee b4e4 an ae " + t—-4+ 4-4 ; i. +4 ‘ " , ; | ‘ , 
| seo ++ ; , + FSS & wy TI3111+4+- 11311404 THITTItt: ; wepeee 1 eee e Fae! rasa | a3 pe 1 j 
'Ti3 +++ > t ttt os +--+ ‘ ; > ; " : ‘ ; ' ’ > 
i iti th | esas sees ttt §OGGns Oaeee teens cep ri : hese ; } | | i ] | | 
i rok t t i i i i i 


TIME IN MINUTES 


Rate of Drying versus Time.—Removing surface water—calcium chloride desiccator. 
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as the other. The resistance box has an upper 
ohms, which we consider infinite. 


The surface water is removed by drying exactly 15 minutes in 
a calcium chloride desiccator. Fifteen minutes is the time required 
for the rate of drying to become constant, which means that the 


surface water has been removed. The tests 


proper length of time to remove surface water were made on a 
coating of emulsified asphalt. Since its rough 
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greatest resistance to drying, we are certain all surface moisture is 
removed. Drying a few minutes too long introduces little error. 
Fig. 1 shows rate of drying versus time. 
Results of Tests 

All absorption tests have been made in duplicate. In every case 
the results checked almost exactly. Some of the tests have been 
carried on for over six months. The results obtained have in 
most cases been very interesting and some unexpected results 
have been found. 
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Hot Applications: Every sample of this type of coating we have 
tested commences absorbing water immediately upon immersion 
and continues to do so at nearly a constant rate for over six 
months. The amount of water which has been absorbed after six 
months by some coatings is as low as 0.1 per cent; others ab- 
sorb as much as 2.6 per cent, as shown on Fig. 2. 


All hot applications have so far shown infinite electrical resist- 
ance. Probably the coating which is absorbing water at the most 
rapid rate will be the first one to break down electrically. There 
seems to be no relationship between rate of water absorption and 
any other property of the coating. 


Cold Applications: These require from one to over four months 
of standing in air to reach a condition of constant weight, then 
when immersed, remain close to this weight for several months. 
This may be due to further evaporation of volatile thinner and 
dissolving of one or more constituents, as is indicated by the fact 
that most samples lose weight after immersion, more than off- 
setting increase of weight due to water absorption. ‘These tests 
will probably not give us any definite information for several! 
months longer. 

All cold paints thus far have shown infinite electrical resist- 
ance and the absorption tests as yet have given us nothing upon 
which to predict their order of breakdown. 


Emulsified Asphalts: These originally contain 36 per cent to 
46 per cent water. After application, approximately 98 per cent 
of the water dries out in two days of air exposure; then the 
weight remains almost constant. Immediately after immersion they 
absorb a relatively large amount of water whether they had been 
air dried 48 hours or several months), then gradually give this 
up, finally arriving at an almost constant water content several 
per cent higher than when immersed. This is shown on Fig. 3. 
(Note that the ordinate for this graph is very different from that 
for Fig. 2.) There is one exception to the above: curve (a). This 
coating retains most of its absorbed water. If, after having been 
immersed for a long period, they are allowed to dry a week in 
air they lose most of their absorbed water but soon take it up 
again when put back in the water. 


After air exposure of a few days the electrical resistance be- 
comes close to infinite, but after immersion it is reduced consider- 
ably and then varies throughout the remainder of the test with 
an average of 150,000 ohms per square inch. There seems to be 
no direct relationship between electrical resistance and water 
absorption or any other property of the emulsion. 


General Considerations 


It is interesting to note that after several months the amount 
of water absorbed by coating (c), Asphalt Emulsion (Fig. 3) 
is less than twice the amount of water absorbed by coating (a), 
Hot Application (Fig. 2). 

The tendency to form pits, bubbles, etc., and ease of applica- 
tion are noted in connection with these tests. There are other 
properties such as bonding characteristics, tensile strength, duc- 
tility, hardness, etc., which are also important in determining the 
best coating, but if these are equal the coating which absorbs the 
least water should be the best. Other laboratory tests are being 
made as well as burial tests under different conditions. These 
together with a study of results as found in field practice should 
make it possible to determine the best coating for a given condition. 


Unaccounted-For Gas* 


HE activities of the committee during the past year have 

been divided into two sections, namely, the results obtained 

in mitigating leakage by means of the methods of procedure 
suggested in past reports of the unaccounted-for gas committees, and 
special studies pertinent to the actual relation between send-out 
and sales figures as reported by the accounting department. 


A comparative study of the unaccounted-for gas of member 
companies submitting an answer to the statistical questionnaire 
sent out by the Unaccounted-for Gas Committee was made. The 
graphs were calculated and arranged to endeavor to develop a 
practical factor that would permit an unaccounted-for gas com- 
parison between companies. 


A curve based on monthly reports of unaccounted-for gas gen- 
erally contains fluctuations which obscure the trend and render it 
unsuitable for comparison between companies, or even for different 
periods of time within the same company, whatever factor may 
be applied to those figures. Fig. No. 3 is an illustration of this 
point. For this reason, running totals of yearly periods are kept, 


*Committee Report: C. A. Renz, Chairman, L. A. G. & E. Corp.; L. L Biggs 
; t 


4 
W. L. McKee, So. Ccunties Gas Co.; C. J. Melrose, Spoka, e G & F. Co 
D. H. Perkins, S. D. Cons. G. & 2 . * Geo Porte ‘ So. Caiil (sas Co. 
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each month adding the figure for the month just past and drop- 
ping the figure for the same month a year previous. These yearly 
totals show quite clearly the trend, without being much influenced 
by monthly variations. 


A comparison between unaccounted-for gas and send-out is 
shown in Fig. No. 1, the relation being shown by the per cent 
curve. It will be noted that either the unaccounted-for curve or 
the per cent curve, on a yearly basis, shows the trend. Unaccount- 
ed-for gas expressed as a unit of actual miles of main, as a unit 
ot miles of main on a 3-inch basis, and as a unit of miles of main 
plus miles of service pipe, both on a 3-inch basis, is shown in Fig. 
No. 2. It will be noted that all three curves are similar, and that 
the trend is shown equally well by either one. 


To give full expression to the chief elements of leakage (which 
is felt to be the chief element of unaccounted-for) a factor was 
developed to include overhead as well as underground leakage. 
This factor consists of the number of miles of main on a 3-inch 
basis plns the number of miles of services on a 3-inch basis plus 
the number of meters per actual mile of main, and is used in ex- 
pressing unaccounted-for gas in comparison between companies, 
as shown in Figs. No. 4 and 5. 

Fig. No. 5 shows the relative position of the natural gas to the 
manufactured gas companies. It can not show the relative con- 
dition of the companies because of the difference in gas and be- 
cause of another factor, operating pressure. 

It is agreed that if all unaccounted-for gas were leakage, the 
amount would be the same each month, provided the pressure was 
uniform, that is, it would be the same whether the sales were large 
or small. With this in mind, a number of tests were run on ser- 
vices to obtain the effect of pressure on leakage, and in turn to 
account for certain deviations found in company leakage com- 
parisons. If a relation could be found, an operating pressure fac- 
tor could be used to place company leakage figures on a more 
uniform basis. 

The method of procedure with the tests was as follows. ‘The 
service was disconnected and plugged at the meter inlet and cut 
at the main, and connections made for a pump and a pressure 
gage. The connections were tested for leaks under pressure. 
No leaks being found, the pressure was set at a fixed point, allowed 
to stand for a fixed time, and the pressure reading at the end of 
that time noted. The initial pressure, the final pressure, and the 
time were recorded. Tests were made at various initial pressures 
on each service, the pressures decided upon being 12 inches of 
water, and 2, 6, 20 and 40 pounds per square inch. To see if the 
40-pound test had opened any leaks that did not exist at the 
lower pressures, a second 12-inch test was made after the 40- 
pound test. The time in all cases was five minutes. 

There were 98 tests made. Of these, 48 dropped to zero pres- 
sure from 40 pounds, or less, in less than five minutes. Of the 50 
remaining tests which did not show a drop to zero pressure from 
any initial pressure in five minutes, 10 showed no drop at any pres- 
sure, eight showed no drop at 12 inches pressure, and 10 of the 
remainder which did show a drop at 12 inches, showed a greater 
drop on the 12-inch test after the 40-pound test than before. The 
remaining 22 showed a drop in pressure at all initial pressures 
from 12 inches to 40 pounds, showed the same drop from 12 inches 
after the 40-pound test as before, and did not show a drop to zero 
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pressure from any initial pressure. This latter group alone is 
considered valid for pressure-leakage relations, and Table Ne. 3 
and Fig. No. 6 are based upon the data of this group. 

Referring to Fig. No. 6, which was obtained by plotting the 
average pressure drops against the probable effective pressures at 
which the drops occurred, the various points are found to lie very 
closely in a straight line. It is inferred from this that the pressure 
drops are, on the average, approximately directly proportional to 
the effective pressures. 

Considering the various relationships mathematically, the amount 
of gas in the pipe at the beginning of the test would be given by 
the formula: 

P’V’ 

ge mee 

RT’ 
where N is the number of mols of gas, R is the gas constant, T is 
the temperature, P is the pressure, and V is the volume. The 
amount of gas at the end of the test would be given by the formula: 


ee 
N” — 
R 5 wy 
and the leakage during the test would be N’ —N”, or 
P’y’ p”y"” 


R i R _ 


Since, under the conditions of the test, the volume and temperature 
are constant, the leakage becomes: 


V (P —P”) “ 
RT 


which means that the leakage from the pipe, through the ground, 
under the conditions of this test, is directly proportional to the 
pressure drop. Referring to the curve again, it may now be said 
that the leakage is, on the average, approximately directly pro- 
portional to the pressure. 

The question arises, since the pressure of the gas is not constant, 
but gradually falls during the test, what is the effective pressure 
causing the leakage? In plotting the points on the curve, the 
effective pressure was taken as the arithmetic mean of the initial 
pressure and the final pressure. Within the range of pressure 
drops involved, no great amount of error would be introduced by 
this assumption. For example, based on conditions of flow through 
an orifice into the air, the effective pressure for a drop of 6 pounds 
from an initial pressure of 40 pounds (which was the average 
result in these tests) would be 36.9 pounds, whereas 37 pounds was 
the assumed figure. Whatever the rate of fall of pressure, the 
average, or effective, pressure is not likely to deviate much from the 
mean in this range. 

It has been concluded as a result of these tests and the foregoing 
considerations that leakage from pipes in the ground is, on the 
average, approximately directly proportional to the pressure. It 
must be noted, however, that the tests were made under conditions 
of no flow of gas through the pipes other than the flow through the 
points of leakage. It would be interesting to run tests on the rate 
of leakage when gas is being used; also to augment the limited 
number of tests already run by further tests. 


Computation of Unaccounted-for Gas 


Ordinarily unaccounted-for gas is taken as the difference be- 
tween the reported sales and the reported send-out for the month. 
In arriving at the sales, however, it is difficult to determine the 
actual amount delivered to the consumers during the period in 
question because of the rotation of the domestic meter reading 
schedules. A comparative study is presented of the method in 
use in the accounting ofhce of a member company and the method 
suggested by the distribution department of the same company. 

To determine unaccounted-for gas by the method in use in the 
accounting ofhce proceed as follows. Determine the send-out for 
each read day period contained in the monthly sales report 
and find the sum. Divide this sum by the number of read day 
periods and obtain an average send-out figure for a read day 
period. Divide the actual send-out from the first to the last of the 
month by the average send-out for a read day period and obtain 
a certain factor. Multiply the total sales as shown on the report 
by the factor determined above and determine what the sales 
would have been had they occurred from the first to the last 
of the month instead of during read day periods. Compare this 
figure to the send-out from the first to the last of the month and 
find the unaccounted-for gas. 

The objection to this method is found in the distortion which 
it gives to the individual monthly accounted-for figures. It is a 
method of approximation based on a weighted average, weighting 
the true sales of various read periods for the send-outs of 


Page 167 


-_ eee ce! = > 7 ’ ’ ’ 
Ss itttt +t} t bE eats i ; i 
2988 989 06 2888s Be ; 3) Bess 5: ps ttt +t g98 t33230 f ; i 
bes estes suse: f SEs: ansts tose)! + : 
"999 * FORSe SEeee « ; 2 Sea ge P ; . ; } , 
pe ogassagese vr +? 39% 33. t tiit ; ; 
he edges chess ye’ $3358 SSRs Saece eseal fesse! zi pi } 
rag oS 28s sGaes | - : beees 50989): ae ; ; 
32s 68: =e he anes ses: SSS vag bs oosee » } a 
re pee -+s a4 > + ; >> o i ; Sos ; : Se ee PWT: SS eED Ee eet Peers Perse Teet* Pere: 
ede : : “way . + ; ‘ i«~ +> ‘ 
g bbs icant feees (deed Tyee...) = :bse> tages oath a aes : 
sit 333; - 33 cs <acs saree caees Susds suaea tense seast Seeas! sf: i 
+ + we «i ; ; “eg, | ‘ : ! i 
eeaee”' ae-1. 1 3s aan sks secese 
‘apes: Segaues oe tr [sso 
agee) “ee eedey +s! : : ; ; 
: . ——- - ro ee — er, 
ois feL FIESE Seam vant ee oo, cael HF 
ithe aoe z i 
on S523 SESRSSeRES teas: 
i + } } 
mest em S3Te5 Soaks hake COSA TES ae Sgcas tebe: seas: sobes ok 
=| ey goat: 7 
; 200 
" saat re °e 
brite 
Bs isgeseses 
$F t 
; | 
i FSS | 
r | ; 
; = 
) Sees) eee. Sees. Sees eeqes: = # 1922 + 
Tats 
aH OF YEAR. a ieee 
} 


Fig. 5. Unaccounted for Gas as a function of mains, serv- 
ices and meters. Computed for totals of yearly periods. 
A 
B—Southern Counties Gas Co. 
C—Los Angeles Gas and Electric Corp. 
D—San Diego Cons. Gas and Electric Co. 
E—Portland Gas and Coke Co. 
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Fig. 6. Relation of Leakage to pressure in service pipes in 
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Fig. 7. Unaccounted-for Gas per mile of main (Accounting 
department figures.) 


such read periods. This weighting process, however, is applied 
to the total of the various read figures and not to the separate 
items, taking the form of a factor by which the actual consumption 
is multiplied, and resulting in a fictitious figure. If this method 
is going to be accurate in the long run, it is readily seen that 
the total over a period of many months should closely approximate 
the total of the actual consumption reported every month (that 
is, the actual consumption before multiplication by the weighting 
factor). If it does this, it.would seem to be mostly chance, for, 
month by month, it operates in a perverse manner. As a matter of 
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Fig. 9. Sales by months, groups and read periods. 


fact, the long time total is very close to the long time total of the 
actual consumption. The objection is not made to the long time 
accuracy, or lack of it, but simply to the distortion of the individual 
monthly figures. This distortion tends to obscure the true leakage 
condition existing, and makes an aanlysis of system leakage on a 
monthly basis extremely difficult. (See Figs. No. 7 and 8.) 


The ideal way to determine monthly sales would be to read 
all consumers’ meters on the last day of the month, but this is 
rarely possible. For practical reasons, consumers’ meters are read 
by sections, a section each day throughout the month. Thus, the 
sales are recorded by read day periods, the total for each period 
being a report for a part of the system only. A grouping of 
periods is then generally made so that a figure is obtained which 
largely consists of gas consumed during the calendar month and 


which likewise includes most of the gas consumed during that 
month. This figure, however, includes some gas actually con- 
sumed during the preceding month, and some gas actually consumed 
during the following month, and excludes some gas actually con- 
sumed during the current month. The -actual amount of gas con- 
sumed during the month can not be determined except by approxi- 
mation. The problem is to determine what part of the sales 
reported for any one month actually occurred in that month, what 
part in the preceding month, and what part in the following 
month. If these parts can be determined for each report, then 
the various parts belonging to the same month may be assembled 
and the actual sales for that month will be found. 


Consider Fig. No. 9 which, for the sake of simplicity, represents 
a system with only four read periods. 
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Fig. 10. Unaccounted-for gas per mile of main. (Gas 
distribution department figures.) 


represent the total sales each day; the horizontal lines under the 
top line represent the sales of each section of meters read on 
the same day. The various groups of read periods are designated 
by shaded areas; the monthly divisions by vertical lines. There 
are three kinds of divisions,—by read periods, by groups, and 
by months. All sales belonging to the same read period are desig- 
nated by a number (1, 2, 3, or 4); all sales belonging to the same 
group are designated by a large letter (A, B, C, D, or E); and 
all sales belonging to the same month are designated by a letter 
(M, N, or P). Thus, the area designated (C1)N represents that 
part of the sales which occurred in read section 1 of group C in 
month N. 


The known areas on the diagram are the various read sections 
(C1)M+(C1)N, (C4)N+(C4)P, etc. The various groups are 
also known, being merely the sums of specific read sections. The 
true monthly sales, for month N as an example, are (C1)N+ 
(D1)N+(C2)N+(D2)N+(C3)N+(D3)N, (C4)N7(B4)N. Each 
of these items is a part of a known area, although the parts sepa- 
rately are unknown. ‘To determine these parts, resort must be had 
to estimation. If a sound basis for dividing the various read sec- 
tions into the parts of it which fall into different months can be 
found, and these parts determined, then the true monthly sales will 
be very closely approximated. 

The sales are known to vary considerably day by day, so a 
straight time basis for estimation is unsound. Sales vary roughly 
with the send-out, being simply the send-out minus the leakage. 
If the leakage is small as compared with the send-out, then no 
great amount of error is introduced by using the send-out as a basis 
for approximation. As the most logical basis available, at any rate, 
it is suggested that the parts of each read period which fall in 
different months be determined by the ratio of the send-outs for 
the corresponding periods of time involved in different months. 
Applying this method, the two parts (C1)M and (C1)N of read 
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section (C1)M+(C1)N, for example, would be determined by the 
ratio of the send-outs for the periods of time corresponding to 
(C1)M and (C1)N. The error introduced in this calculation 
would be only between months; the total of the estimated parts 
is always exactly equal to the actual consumption of that read 
section. Since the parts to which this method is applied are small 
parts of the whole sales, the error introduced in each would be 
a correspondingly small part of the total. Since each part is for a 
different period of time, the error of one would tend to offset 
the error of another, the chances being that the errors would 
be as much plus as minus. The net error introduced in any 
one month is bound to be small. 


To sum up, the actual consumption by small sections is divided 
into two parts according to the most reasonable basis available, 
that is, the send-out. The parts belonging to the same month 
are assembled, and the total is taken as the monthly sales. No 
extraneous factors are introduced, the long time sum can never 
be more nor less than the long time actual consumption, and, 
in addition, each monthly figure closely approximates the true 
monthly sales. 
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Unaccounted-for gas per mile of main per year. (Gas distribution department figures.) 
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Effect of Temperature and Pressure at Meter 


The effect on sales of temperature and pressure at the con- 
sumer’s meter was studied by the installation of temperature and 
pressure gages on high pressure and low pressure services. ‘Tem- 
perature gages were set at the meter inlet and at the meter 
outlet to record the gas temperature and beside the meter to record 
the atmospheric temperature, and a pressure gage was set on 
the inlet of the meter. Records were kept for a year and are 
tabulated in Tables No. 4 and 5. 


The gas temperature and pressure readings were averaged each 
month on a basis of each cubic foot of gas passing through the 
meter, not on a straight hourly basis. The volume was then 
computed to the standard of 60 degrees Fahrenheit and 14.73 
pounds per square inch. The volume at standard was found to 
vary from 1.4% below the measured volume to 3.8% above the 
measured volume during the course of the year. The average 
volume at standard for the year was 1% above the measured 
volume on the low pressure service and 1.5% above the measured 
volume on the high pressure service. Since the send-out is 
computed every month on a standard basis, for purposes of com- 
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Fig. 13. Measured volumes at consumers’ meters corrected 
to standard temperature and pressure. 
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Fig. 14. Difference after deducting 
corrected sales. 


Fig. 15. Comparison of gas temperature at consumers’ meters 
with atmospheric temperature. 
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parison, the sales should be computed on the same standard. With 
this in mind, it will be seen from the foregoing figures that, 
during the year covered, the sales figure as reported was on the 
average 1% to 2% low, and the unaccounted-for figure as reported 
was too high by a somewhat larger per cent. Also, that the 
sales as reported are too low in the winter and too high in the 
summer; and the unaccounted-for as reported is too high in the 
winter and too low in the summer. Any analysis, therefore, of 
the unaccounted-for figures as reported from month to month should 
take into account the variations of the volume of the sales caused 
by variations in temperature and variations in pressure, both baro- 
metric and gage. Figs. No. 13 and 14 illustrate this effect. 


Comparing the inlet and outlet temperatures, the inlet tempera- 
ture was generally higher than the outlet temperature, but not 
enough to be beyond the limits of accuracy of the gages. The 
range of observations was too limited to be conclusive, and no 
decision can be made as to a change in temperature of the gas 
while passing through the meter. Comparing the gas temperature 
and the atmospheric temperature, a constant differential is main- 
tained throughout the year. (See Fig. No. 15.) It may be implied 
from this that the temperature of the gas tends to approach the 
temperature of the atmosphere at the consumer’s meter. ‘The 
average pressure on both services was about the same throughout 
the year. Here again, the number of samples allows no conclusion 
to be reached as to the average pressure at consumers’ meters 
throughout the system. However, these records may indicate 
whether or not it would be worth while to investigate further 
the effect of temperature on sales by the Unaccounted-for Gas 
Committee of 1931. 


An examination of the yearly total value of gas unaccounted- 
for shows that at times it has approached, or even exceeded, 
the yearly operating cost. Some figures are presented in Table 
No. 7 showing costs of leakage reduction work, and gas saved, 
and the money saved. An amortization period is worked out in 
which the savings effected will pay for the costs of doing the 
work. Very little data is available for such a presentation, as it 
is a “rara avis” that has the information on hand in detail for 
comparative purposes. It is suggested that more attention be 
paid to this phase of unaccounted-for consideration, so that rec- 
ords of work done, expenditures made, savings effected, and 
amortization period required will be available for comparative 
purposes in the future. 


Considerable leakage survey work has been done during the 
past year. The net results are very favorable, indicating a decline 
of the unaccounted-for gas volume. At least, the downward 
trend, as shown by the comparative curves, is gratifying, and 
justifies the leakage expenditures on a return of investment basis. 
The general procedure among member companies up to the 
present time has been to skim the cream, in other words, leak- 
age reduction has been confined to areas most favorable to a 
short amortization period. As the unaccounted-for figure is thus 
gradually reduced, the necessity arises for studying ways and 
means of effecting further leakage mitigation on account of the 
safety of the consumer and of company property. It is hoped 
that the unaccounted-for gas committee in the near future will 
find this subject of sufhcient importance to make a detailed study. 


The following report by Mr. Bridge, vice-president of the 
Southern Counties Gas Company, gives an account of the leakage 
mitigation program in his company, in which a systematic plan 
has been operating for five years. Careful records have been 
kept and very favorable results have been secured. 


MITIGATION OF LEAKAGE AND OPERATING HAZARDS, 
SOUTHERN COUNTIES GAS COMPANY 


Prior to 1925, we had no well organized plan for leakage miti- 
gation, although considerable maintenance work was carried on 
ahead of paving, and where leakage was disclosed by damage to 
vegetation, etc. With the exception of Santa Monica and Santa 
Barbara districts, our entire system was supplied with natural gas 
delivered from high pressure transmission mains and hence unsat- 
urated at distribution pressures. In spite of the maintenance men- 
tioned above, and extensive replacements of mains ahead of pav- 
ing, our unaccounted-for gas increased rapidly year by year, until 
in 1924 it reached 1,885,812 M.c.f. for the natural gas districts 
(Orange County, Whittier, Pomona, Monrovia, San Pedro, and 
Ventura), or 1336 M.c.f. per mile of equivalent 3-inch main. Total 
system leakage for 1924 was 2,178,841 M.c.f., corresponding to a 
cost of $338,346. 


While 1336 M.c.f. per mile of 3-inch main per year is not 
excessive for a natural gas system, particularly one employing 
high pressure distribution, the cost of the gas lost was heavy, and 
the loss was steadily increasing as the system grew older. It 
is interesting to note that a recent compilation of unaccounted-for 
gas in 56 natural gas systems in the United States and Canada, 


TOE RS Rb Ee cig SLES 


Nad eee 


sneumnnaeeeann eens 
ES are te ry 


Pres 


Ce 
Ps St aee , ye rT 
REDS beh dai et aa ; 


September, 1930 


supplying 721,000 meters, showed an average loss of 1422 M.c.f. 
per mile of 3-inch main per year. 

While the monetary loss was considerable, the hazard of injury 
to persons and property, resulting from leaking mains, services, 
and meter connections, was of paramount importance. Accordingly, 
in 1925, we made a study of these conditions and organized crews 
in our various districts to reduce leakage and eliminate hazardous 
operating conditions, under the general supervision of an engineer, 
qualified by experience to direct this work. The original crews 
have been increased from time to time, particularly during the 
past year, concurrently with a general slackening in construc- 
tion work, and total expenditures for these purposes on the entire 
system have been as follows: 


1925 $ 34,436 
1926 44,759 
1927 89,102 
1928 165,457 
1929 252,550 
1930 (Estimated) 267,150 


should cover the system 


At the present rate of progress we 
more, and thereafter we 


for the first time in about three years 
expect to continue on a six-year cycle. It is interesting to ob- 
serve that our activity along these lines has yielded results which 
fully justify the large expenditures made. Thus the cost of leak- 
age and hazard mitigation in the six districts referred to above 
during the year 1929 was $175,883, and the total of such expendi- 
tures in the same districts for the period 1925 to 1929 inclusive 
was $408,267. During the same period, as a result of our leak- 
age work, the unaccounted-for per mile of 3-inch main was 
reduced from 1335 M.c.f. per year to 335 M.c.f. per year, a reduc- 
tion of 1000 M.c.f. per mile per year. During the year 1929, the 
amount of gas saved, calculated at 1000 M.c.f. per mile, was 
2,227,000 M.c.f. valued at $360,800. During the five-year period 
the saving amounted to $1,136,000. 

The above comparison of saving with cost does not take into 
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consideration the reduction of hazard to life and property, which 
cannot be measured in dollars. Yet, as a result of many vears’ 
experience in the natural gas business, we are convinced that 
the last named results are at least as important as the actual 
monetary saving in unaccounted-for gas. 

At the present time, approximately one-third of the total ex- 
penditures referred to above are for the primary purpose of in- 
creasing the safety of operation. Our experience and that of 
the other local companies distributing natural gas at high pres- 
sure has clearly proved that it is essential to keep the distribution 
system in the highest possible state of repair in order to avoid, 
or at least minimizie, explosions from gas leakage, any one of 
which may cause enormous losses through injury to persons and 
property. 

In Santa Monica and Santa Barbara district, which were 
verted from mixed gas to natural gas in 1927 and 1928, 
spectively, we experienced the usual increase in unaccounted-for 
gas following such a change, which is attributable to the solvent 
and drying out action of natural gas. Thus, in spite of increased 
activity and expenditure on our part in the way of leakage miti- 
gation, the unaccounted-for per mile of main in those two dis- 
tricts increased from 386 and 382 M.c.f. respectively, immediately 
before the change, to 521 and 747 M.c.f. for the year 1929. This 
increase, however, is much less than we had experienced in other 
communities following the change to natural gas, and we expect 
within another year or two as a result of further efforts to bring 
these figures into line with the remainder of our system. 


con- 
ré- 


Summary 

Intelligent and strict supervision in operation, construction, and 
maintenance are necessary so that the unaccounted-for total can be 
reduced and kept within moderate limits. The analysis of unac- 
counted-for gas is rendered extremely difhcult by the great com- 
plexity of the factors affecting it; the actual condition is generally 
more or less obscured by these factors. The disengagement of the 
important from the negligible influences is a matter for further 
study, though it is felt that considerable progress has already been 
made. 


TABLE NO. 1—DOMESTI C GAS BY MONTHS—1928 


Los Angeles Gas and Electric Corporation 


| Column 1 2 3 4 5 6 7 8 y 10 11 12 
| Miles 
Miles Loss Miles Loss Miles of Main Loss Meters Loss 
Unac- of per of per of and per Number per pel 
counted Main Mile Main: Mile Services Services Mile of Mile Factor Mile 
Month for M.c.f. (Actual) 12 = (3-in.) 1-4 1(3-in.) (3-in.) 17 Meters 9+72 7+10 it! 
January 259,146 2.817 92 4,960 52 1,249 6,209 42 357,179 127 6,336 4] 
NT ince sncncieectiibainden 215,708 2,828 76 4,978 43 1,253 6,231 35 359,052 127 6,358 3 
! March ...... a Rete IES 282,433 2,833 100 4.986 57 1,256 6,242 45 360,413 127 6,369 +4 
BR ii einstein 218,195 2,835 77 4,989 44 1,250 6,248 35 361,275 127 6,375 34 
ep ER 188,108 2,838 66 4,994 38 1,262 6,256 30 361,558 2/7 6,383 29 
ID iin scintncsigasabinalpebictlin 168,782 2,842 59 5,001 34 1,265 6,266 27 361,436 127 6,393 26 
URE shi 165,170 2,848 58 5,011 33 1,268 6,279 26 362,185 127 6.406 26 
August 193,076 2,853 68 5,019 38 1,271 6,290 31 363,011 27 6,417 3 
September 186,531 2,859 65 5,029 37 1,273 6,302 30 363,452 127 6,429 2) 
October 283,816 2,866 99 5,040 56 1,275 6,315 45 365,274 127 6,442 +4 
| November .............-.-... 248,889 2,871 87 5,048 49 1,278 6,326 39 366,562 128 6,454 39 
December . 349,566 2,870 122 5,047 69 1,280 6,327 55 368.376 128 6,455 54 
fe 2,759,430 969 550 440 $30) 
| TABLE NO. 2—DOMESTIC GAS BY YEARS—1928 
| Los Angeles Gas and Electric Corporation 
| Column of Monthly Figures I 3 5 8 12 


Send-out 


End of Year 


Million Million 

cu.ft. cu.ft. 

| Rs 18,124 2,635 
NESE RR ee SRE 18,033 — 2,810 

| I Ba corecatateclheneiuinecceusheobilel 17,851 2,779 
| ile ae 17,677 2,797 
| Oo ae 17,743 2,786 
a 17,709 2,710 
sd otisapiioowuanl 17,735 2,661 
i ERE SES ME, ESS RO 17,826 2,684 

| Ei REE ERR Ree Meee ae 17,911 2,719 
| EE SE LS ML Se POS 18,244 2.805 
| Sa a a 18,630 2,881 
RR ee Ae RR POE eR 18,652 2,759 


| December 31 


U' naccounted for 


U naccounted-for: 
Per Mile of S rvice 
Main and (3-in.). No 


Per Mile Per Mile 


Per of Main of Main Services Meters pe! 
cent Actual M.c.f. 3-in. M.c.f. 3-in. M.c.f. Mile M.c.f. 
14.5 946 537 431 420 
15.6 1,007 572 459 447 
15.6 993 564 452 440 
15.8 998 567 454 442 
15.7 992 564 451 439 
15.3 963 548 458 426 
15.0 944 537 429 418 
15.1 951 540 432 421 
15.2 962 546 437 426 
15.4 990 562 451 439 
15.5 1,015 576 461 451 
$50 440 430) 


TABLE NO. 3. 


_ 


Initial 


Pressure 


Totals 


Number of Items 
Averages 


PRESSURE—LEAKAGE RELATIONS 
Los Angeles Gas and Electric Corporation 
Five Minute Pressure Drops from Various Initial Pressures 
Inches of Water Column 


12In. 


1.0 
2.0 
1.0 
2.0 
3.0 
1.0 
3.0 
2.0 
1.0 
5.0 
2.0 
1.0 
2.0 
2.0 

5 
2.0 
2.0 
2.0 
8.0 
1.0 
1.0 
4.0 


48.5 


22 
2.20 


2 Lbs. 


178.0 


21 
8.48 


6 Lbs. 


552.7 


22 
25.12 


20 Lbs. 


108.0 
9.0 
158.5 
$3.1 
55.4 
193.9 


1396.4 


19 
73.49 


40 Lbs. 


3504.4 


21 
166.88 


WESTERN GAS 


AVERAGE MONTHLY TEMPERATURES AND PRESSURE 


Probable Effective 


Pressures 


TABLE NO. 4. 


Mi nth 


19278 


1929 


December, 
january, 
February 
March 
April 
May 

lune 

July 
August 
September 
Oct ber 


November 


Year 


Month: 


1928 


1929 


December, 
January, 
February 
March 
April 
May 

June 

July 
August 
September 
October 
November 


Year 


39 Ibs. 1.85 Ibs. 5.55 Ibs. 18.68 Ibs. 36.99 Ibs 
10.9 in. 


AVERAGE MONTHLY TEMPERATURES AND PRESSURES 


AT CONSUMERS’ METERS 


Los Angeles Gas and Electric Corporation 
LOW PRESSURE 
Average Temperature Average Pressure Volume 
Gas Atmosphere Gas Atmosphere at 
Inlet Outlet (In. H,O) (Lbs./sq. in.) Standard 
52 S| 55 7 1 14.66 1.031 
§2 51 55 7.1 14.62 1.025 
51 50 54 7.1 14.6 1.031 
54 53 $7 7.1 14.63 1.025 
55 $4 58 7.3 14.62 1.022 
61 60 64 | fe 14.59 1.00% 
64 63 68 7.3 14.57 1.001 
68 67 72 7 14.56 993 
71 70 75 7S 14.55 ORG 
66 65 70 14.51 993 
64 6 68 7.3 14.56 1.000 
co s& 62? 7.6 14.62 | 0] 
60 $9 63 7.29 14 59 1.010 
degrees Fahrenheit and 14.75 Pounds per Square Inch) 
HIGH PRESSURE 
Average Temperature Average Pressure Volume 
Gas Atmosphere Gas Atmosphere at 
Inlet Outlet (In. H,O) (Lbs./sq. in.) Standard 
50 50 57 8.6 14.66 1.036 
48 48 55 8.6 14.62 1.038 
4% 4 55 5.6 14.63 1.038 
SI 51 58 8.6 14.63 1 032 
53 54 56 6.8 14.62 1.021 
60 61 63 6.9 14.59 1.006 
6 64 66 7.0 14.57 998 
69 66 74 7.0 14.56 994 
71 6s 76 7 ) 14.55 990) 
660 63 71 7.0 14.51 992 
65 62 70 7.2 14.56 998 
58 56 63 7.2 14.62 1.016 
58 57 64 7.5 14.59 1.015 


TABLE NO. 5. 
AT CONSUMERS’ METERS--AVERAGE OF HIGH PRESSURE AND LOW 
PRESSURE 
Los Angeles Gas and Electric Corporation ‘ 
Average Temperature Average Pressure Volume 
Month Gas Atmosphere Gas Atmosphere at 
(Degrees Fahrenheit ) (In. H,O) (Lbs./sq. in.) Standard 
December, 1928 51 55 7.2 14.66 1.031 
January, 1929 49 5 7.2 14.62 1.032 
February . 49 5 7.2 14.63 1.032 
March $2 57 7.2 14.63 1.027 
April . 54 59  : 14.62 1.022 
May 60 65 7.2 14.59 1.008 
June 63 69 7.2 14.57 1.001 
July 66 72 7.2 14.56 995 
August 69 75 7.2 14.55 ORR 
September 64 70 7.2 14.5] 995 
October a 62 68 y 14.56 1.002 
November = $7 62 7 2 14.62 1.016 
Year 55* 63 Fin 14.59 1.O1L8* 
(.26 Lbs.) 
* Weighted Ave-age 
(Standard—60 degree: Fahrenheit and 14.73 Pounds per Square Inch) 
TABLE NO. 6. SALES CORRECTED FOR TEMPERATURE AND PRES 
SURE TO STANDARD TEMPERATURE AND PRESSURE 
Los Angeles Gas and Electric Corporatio. 
Reported Corrected 
Sales Correction Sales Difference 
Month (M.C.F.) F actor (M.C.F.) (M.C.F.) 
December, 1928 2,139,631 1.031 2,205,960 66,329 
January, 1929 2,273,092 1.032 2,345,831 72,759 
February 2,257,082 1.032 2.329, 309 72,227 
March 1.998.010 1.027 2,051,956 55.946 
April 1,639,065 1.0722 1,675,122 36,059 
May 1,199,749 1.008 1,209,347 9,598 
June 986,563 1.001 987,550 987 
July 836,700 995 832.517 -4,183 
August 803.847 988 794,201 9 646 
September . 842,934 995 838,719 —4 215 
October . 1,018,736 1.002 1.020.773 2.037 
November . 1,479,928 1.016 1,503,607 23,679 
Year 17,475,335 1.018 17,794,892 319,557 
TABLE NO. 7. AMORTIZATION OF COSTS OF LEAKAGE 
REDUCTION WORK 
Los Angeles Gas and Electric Corporation 
1927 1928 1929 
ne = a he oe 2,817 2,872 2,913 
Unaccounted-for (M.c.f.) 2.0.0.0... 2,592,829 2,759,430 2,417,487 
Number of Leaks Found: 
GSS ec li. + leap ne aa 4.945 4.136 869 
ARRAS CoE eee 2,114 2,732 2,946 
In Meters and Regulators.............. 7,033 6,829 6,349 
ee 14,192 13,697 10,164 
Costs: 
Repairing Meters and Regulators $ 3,000 $ 5,000 $ 6,000 
Repairing Leaks in Mains............ 7,000 17,000 27,000 
Repairing Leaks in Services.......... 10,000 28,000 47,000 
, ERNE ener. SOR BMRA EUs $20,000 $50,000 $80,000 
Amortization Period: 
Reduction of Unaccounted-for—1927-1929._................ 176,000 M.c.f. 
Value of Gas Saved @ 25c per M.c.f..............................------- $44,000 
Cost of Reducing Unaccounted-for...................... SLC $150,000 


Return of Investment.......... PEE SEE GN TE Yee AOE 


1927 
Miles of Main....... <anisciadlite kisuceaaaent 761 
SS EE LSE eee 267,737 
Number of Leaks Found: 
I pa CSR 123 
Be renee ee. : 756 
In Meters and Regulators................ 2,593 
— SERRRR PTAC CORE ease re ie eae 3,472 
Costs: 
Testing Mains and Services............. $10,871 
Repairing Leaks in Mains................ 4,931 
Repairing Leaks in Services... 1,913 
2 ERI ETRE RN 2 Ors GOL IR ROMER or $17,715 


Amortization Period: 


Reduction of Unaccounted-for—1927-1929............ 


271,238 


155 
1,158 
6,458 


7,771 


$11,232 
5,273 
2,147 


$18,652 


3 years 4 months 


1929 


$30 


201,943 


410 
1,641 
7,877 


9,928 


$17,149 
4.601 
3,341 


$25,091 


66,294 M.c.f. 


vores of 4208 Gove ae 200 wer a6 et $23,183 


Cost of Reducing Unaccounted-for............0...0.000000000000002ccceeee eee. 


Return of Investment............................. 
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Statistical Data Reflecting Results of Leakage Mitigation Work 
Over a Three-Year Period—Southern Counties Gas Company 


- 


1927 1928 1929 Total 


Miles of Main Tested................ 154 165 381 700 
Number of Regulators Tested 11,643 10,960 20,209 42,812 
Leakage Prior to Mitigation 


ET Se ee 446,732 405,814 297,321 1,149,867 
Ee | 310,159 313,014 275,243 898,416 
Value of Gas Saved.................. $60,803 $55,138 $51,601 $167,542 
Cost of Mitigation Work.......... $64,910 $84,278 $125,358 $274,546 
Agsortization Period ........................... PRO AR TOS Re STO 1 year 8 months 

Detail 
Number of Leaks Found: 

a 870 687 811 

a 1,872 2,041 §,225 

I 8,723 5,749 7,677 

I 9,814 2,964 3,496 
Amount of Leakage Found: 

In Mains and Services............ 256,410 274,093 237,973 


In Meters and Regulators.... 53,749 38,921 37,270 
Cost of Leakage Mitigation: 


Preliminary Survey .............. $43,052 $54,047 $61,969 
Repairs: 
EE REPRE Sane re (ee 8,344 6,024 5,866 
I og 13,514 24,207 $7,523 
REESE eR ete $64,910 $84,278 $125,358 


Note: Cost of repairing meter and regulator installations was 
as follows: $22,989, $81,180, $128,571, $232,741. 


This item includes repairs to meter and regulator fittings and 
connections, venting regulators, boxing meters, and changing set- 
ups, from consumer’s property line to outlet of meter. Charges of 
this type are considered as belonging to a safety account for the 
reduction of hazard and not to the cost of leakage mitigation. 


The item “Preliminary Survey” includes all work done, over- 
head and underground, except the cost of making the repairs, and 
consists chiefly of locating and testing. 


Distribution Design* 


NGINEERING progress in the gas utility business, until 
iy within the past few years, has been confined almost entirely 

to manufacture rather than distribution. But with the dis- 
covery of oil and gas on the Pacific Coast, and the subsequent 
establishment of a broad market for natural gas, there has occurred 
a remarkable reversal of this long established trend. The long 
transmission lines necessary to transport the natural gas from the 
producing wells to the cities where it is used, together with its 
necessary motoring and handling, have very clearly brought out 
the need for study and research on gas distribution problems. 
Unfortunately progress has been so rapid that much of the work 
which has been done along this line has never been released for 
publication. The Distribution Design Committee this year, in 
addition to its own investigations, has endeavored to gather a 
portion of these data and edit them for publication. 


A review of the Proceedings of this and other Associations as 
well as recent texts and periodicals served to substantiate the above. 
Most of the previously published work is of a very general or 
theoretical nature. The subject of an “Ideal Square Mile” of dis- 
tribution system has received a large share of previous discussions. 
For the most part the treatments of this subject have been of ex- 
ceptional merit, particularly from the standpoint of economy. The 
Committee, therefore, deemed it inadvisable to attempt a further 
contribution along this more or less orthodox method of handling 
the subject of Distribution Design. Instead it was believed that 
problems encountered in actual practice and the details of design 
work could be investigated to better advantage. 

As an aid to reference this report has been divided into five 
sections: Load Factors, Classification of Gas Distribution Mains, 
Capacity of Pipes, Design of the Gas Distribution System, and the 
Installation of Gas Mains and Services. 


LOAD FACTORS 


The discussion of Load Factors requires the use of a number of 
terms, the definitions of which were not formerly very well estab- 
lished; therefore, in order to prevent possible confusion, reference 


*Committee Report: Norman L. Hoff, chairman, L. A. G. & E. Corp.; F. S. 


Honberger, So. Calif Gas Co.; Fred Koken, N. W. Cities Gas Co.; D. B. Larson, 
Portland Gas & Coke Co.: A. B. Meyer, So. Calif. Gas Co.; D. H. Perkins, 
San Diego Cons. G. & E. Co.; V. J. Robbins, L. A. G. & E. Corp.: 
J. H. Wharmby, B. C. Elect. Power & Gas Co., Ltd. 
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is here made to Volume 20, Page 281, and Volume 17, Page 159, 
of the Proceedings of this Association. 

The study of Load Factors is essentially the study of gambling 
odds. It is unfortunate for the present distribution engineers that, 
in the past, the gambling odds of this business were not very well 
understood, with the result that now the problem of re-design is 
almost as large as the problem of new design. The work of the 
past Committees on Load Factors and also other individuals has 
established beyond doubt that the gambling odds of this business, 
which were formerly feared, are far more attractive than those 
found in many other lines of successful business. 


Individual Diversity and Coincidence 


Diversity, non-technically defined, is the range in the demand 
for gas, between members of a group of consumers or between the 
installed appliances on a premise, varying from a state of absolute 
non-coincidence to perfect coincidence. It is evident from this 
statement that individual diversity requires a study of the ap- 
pliances operated by the individual. Absolute non-coincidence, 
obviously, is of no importance whatsoever, except as a mythical 
happy hunting grounds for distribution engineers. On the other 
hand, a state of perfect coincidence is of paramount importance 
because the actual occurrence of a state of perfect coincidence on 
a distribution system would result in very serious operating difh- 
culties. Perfect coincidence is the maximum load threat; a condi- 
tion which subsequent argument will show need not be seriously 
considered. 

In order to illustrate these two diversity extremes, imagine first 
a consumer who never uses more than one appliance at a time, and 
second, a consumer who never uses less than all of his appliances 
at one time. The former case is absolutely non-coincidence and the 
latter perfect coincidence. It is evident from this example that 
neither of these conditions occur except very, very rarely during 
normal times of maximum demand. 


The distance between these two diversity extremes, interpreted 
in terms of cubic feet of gas, is always equal to the rated con- 
nected load of the appliances, hence the greater the number of 
appliances the greater the opportunity for diversity. It follows 
accordingly that individual diversity is by no means as great as 
that of even small groups. 

Although the individual’s diversity range is small, _ par- 
ticularly if the number of his appliances is also small, it should 
nevertheless be recognized and utilized to the utmost in the design 
of service pipes for two important reasons: first, the economy of 
design is only manifest from a multitude of small savings accruing 
from a number of individual installations, and second, the amount 
of money at stake in any one case is usually relatively small, mak- 
ing later cases of inadequacy that might develop of little moment 
when the large number of successful cases are considered. 


In discussion of these reasons, it may be said that practically all 
lines of legitimate business must expect a certain number of finan- 
cial losses which are a natural consequence of operating a business. 
The amount of profit over and above these losses demonstrates the 
true soundness of any business. Perhaps one of the most common 
of these losses is that resulting from over-stocking of merchandise 
with the resulting fixed charges on the idle capital; also there is 
the loss resulting from the under-stocking of merchandise, with 
its consequent loss of business and revenue from turning away 
customers unserved. Somewhere there is a point of economical 
balance, above which is extravagance and waste, and below which 
is poor service and eventual cessation of business. In the utility 
business, this applies not so much to a regulation of their service 
to meet the demand, but to the overstocking of capacity in their 
distribution pipe lines. 

The proper allowance for diversity among the appliances oper- 
ated by an individual should entirely prevent over-building of the 
gas distribution system and should directly reflect the soundness of 
the business methods employed in the distribution of gas. 


A proper allowance for diversity means the selection of an 
hourly demand for gas, which is high enough in the diversity 
range to assure the consumer of reasonably good service and 
furthermore assure the utility of a reasonably profitable invest- 
ment, upon which to design the gas service. 

A direct solution of this problem is impossible because of the 
gambling element which it contains. Successful gambling is almost 
entirely dependent upon the amount of capital at the disposal of the 
gambler, assuming, of course, that the gambling odds are such 
that it is possible to win. Therefore, the size of the utility has 
considerable bearing upon this problem. Likewise the size of the 
project under consideration is of importance, for obvicusly, the 
larger the wager, the greater the embarrassment resulting from 
the loss. Regardless of these limitations, a method for calculating 
problems in diversity will be described. 

Before developing the mathematics of this problem, it is neces- 
sary to define what is to be hereafter called Diversity Odds. Di- 
versity odds are the chances, expressed either as a fraction or a 
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decimal, that any specified hourly demand will ever be exceeded 
during the normal operation of a set of gas appliances in accord- 
ance with the mathematical assumptions of probability. For ex- 
ample, diversity odds equal to 1/17 would mean that there is only 
one chance in 17 that the load will ever exceed the figure which 
produced the odds of 1/17. To further illustrate this, let it be 
supposed that a standard deck of 52 playing cards are to be cut 
against an opponent. If the opponent draws a deuce, your chances 
of losing due to the fact that there are still 51 cards left, of which 
three are deuces, are 3/51 or one chance in 17. 

In order to assist in this analysis, a typical problem will be 


presented. 


A Problem in Diversity 


The Facts: 

1. The consumer under consideration has only the common 
domestic uses for gas. 

2. The installed appliances are: Range, Instantaneous Auto- 
matic Water Heater, 1 Large Space Heater and 1 Small 
Space Heater. 

3. B.t.u. content of gas 1100, specific gravity 0.7. 


The Assumptions: 

1. The Rated Connected Load for the installed appliances is 
200 cu. ft. per hour, as follows: Range, 60; Water Heater, 
90; Space Heaters, 30 and 20 respectively. 

2. During the consumer’s hour of maximum demand it will be 
equally likely that any one of the appliances will be used. 
That is to say the consumer will be just as likely to use the 
space heaters or the water heater as the range. 

3. The appliances in burning gas will never be operated in 
such a way that the resultant hourly demand will end in a 
fraction of one cu. ft. That is, each appliance must be 
burned at rates of even cubic feet per hour. 

4. All the appliances when burning gas in accordance with as- 
sumption 3 may be assigned any value corresponding to an 
hourly demand between zero and the rated connected load. 

5. A maximum hourly demand having one chance in 15 of 
being exceeded will assure the consumer of reasonably good 
service and will assure the corporation of a _ reasonably 
profitable investment. 


One of the elementary axioms of the Probability Theory states 
that any event which is certain to happen has a probability of one; 
and that if this event can occur in (n) different and equally likely 
ways the probability of it happening in any one of the (n) ways 
is 1/n. This axiom assumes that the event can happen in only one 
way; therefore, in order to apply this axiom to the problem of a 
specified hourly load occurring while operating one or more ap- 
pliances it would be necessary to assume that the appliance or 
appliances could burn gas in only one way. ‘This assumption is 
obviously false, because the ordinary gas appliance may be throt- 
tled down so that the amount of gas consumed would vary over 
the entire range between zero and the rated capacity of the ap- 
pliance. A slight revision of the above axiom is, therefore, neces- 
sary and may be stated as: If a subgroup of (m) events is con- 
tained in a complete group of (n) mutually exclusive and equally 
likely events, the probability of some one of the subgroup occurring 
is measured by the formula: 


P, =— (1) 


In other words, in the problem at hand, the number of ways in 
which the four appliances may be set in order to produce a speci- 
fied hourly demand, in accordance with assumptions 3 and 4, 
when divided by the total number of ways in which the appliances 
may be set to produce any hourly demand between zero and the 
Rated Connected Load, will give the probability of the specified 
load occurring. The solution of this problem then requires that 
a specified load be determined which is high enough in the diversity 
range that the chances of it ever being exceeded will be one in 15. 


As has been previously stated this whole problem is dependent 
upon the number of settings or rates of burning that are possible 
with the installed appliances. This number of settings may be 
computed mathematically by an application of the formulae for 
determining permutations and combinations, but when four or 
more appliances are to be considered the task is very arduous. 
Fortunately these values resemble a series occurring in the deter- 
mination of the coefhiicients of a binomial expansion and with cer- 
tain modifications may be calculated in a similar manner. This 
series and its modifications may be illustrated by Pascal’s Triangle. 

The oblique series isolated by the straight lines and lettered 
a, b, c, d, e, f, g, and h are the primary series for 1, 2, 3, 4, 5, 6, 7 
and 8 appliances respectively. In the present case series d which 
runs 1, 4, 10, 20, 35, 56, ete., is the ome to be discussed. From the 
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Pascal’s Triangle. 


latter part of assumption one we know that the rated connected 
load was composed of four appliances using gas at rates of 90, 60, 
30 and 20 cu. ft. Due to the fact that these separate rated capaci- 
ties cannot equal the entire rated connected load, series d will not 
lead to a direct solution, but requires modification to take into 
consideration arrangements of combinations lost by exceeding the 
rated capacity of any appliance. For example, to obtain a total 
load of 21 cu. ft. one of the possible combinations would be to 
have only one appliance using gas, the balance turned off. This 
would be an impossibility in the case of the small space heater 
since the load would be in excess of the rated capacity, so there 
will be one arrangement lost. Likewise, in obtaining a total load 
of 22 cu. ft. four arrangements are lost, and in obtaining a total 
load of 23 cu. ft., 10 arrangements are lost. It can be seen that 
the correction takes the form of a series which may be called a 
secondary series. The same reasoning holds true when we have 
reached the capacity of the other appliances. The first secondary 
series or the one used for correcting for the smallest appliance is 
an independent series and is identical with the primary series. The 
next secondary series is a dependent one and is formed partly from 
the first secondary series, and partly from the primary series minus 
the first secondary series. 

This explanation leads to the statement of a general modifica- 
tion law “Introduce secondary and negative series at each point 
where the rated capacity of any one appliance is passed.” The 
determination and introduction of these secondary series may best 
be illustrated by the present example (See Table No. 1). In Table 
No. 1 the first series is the primary series from Pascal’s Triangle 
or the Binomial Law. The figures in italics are the points of in- 
troduction of the secondary series. In the third and fourth series 
the figures in brackets represent the points at which the series are 
no longer independent but continue as the result of subtracting 
all preceding secondary series from the primary series. For the 
sake of brevity none of the series were carried past 50 per cent 
of the Rated Connected Load. 


TABLE NO. 1. NUMBER OF APPLIANCE SETTINGS 
BINOMIAL LAW SOLUTION 
First Series: 

1 410 20 35 56 84 120 165 220 286 364 455 560 680 816 969 
1140 1330 1540 1771 2024 2300 2600 2925 3276 3654 4060 4495 
4960 5456 5984 6545 7140 7770 8436 9139 9880 10660 11480 12341 
13244 14190 15180 16215 17296 18424 19600 20825 22100 23426 
24804 26235 27720 29260 30856 32509 34220 35990 37820 39711 
41664 43680 45760 47905 50116 52394 54740 57155 59640 62196 
64824 67525 70300 73150 76076 79079 82160 95520 88560 91881 
95284 98770 102340 105995 109736 113564 117480 121485 125580 
171700 176851 


Second Series: 

1 410 20 35 56 84 120 165 220 286 364 455 560 680 816 969 
1140 1330 1540 1771 2024 2300 2600 2925 3276 4060 4495 4960 
5456 5984 6545 7140 7770 8436 9139 9880 10660 11480 12341 
13244 14190 15180 16216 17296 18424 19600 20825 22100 23426 
24804 26235 27720 29260 30856 32509 34220 35990 37820 39711 
41664 43680 45760 47905 50116 52394 54740 57155 59640 62196 
64824 67525 70300 73150 76076 79079 82160 85320 88560 
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Third Series: 


1 4 10 20 35 56 84 120 165 220 286 364 455 560 680 816 969 
1140 1330 1540 1771 [2023] 2296 2590 2905 3241 3598 3976 4375 
4795 5236 5698 6181 6685 7210 7756 8323 8911 9520 10150 10801 
11473 12166 12880 13615 14371 15148 15946 16765 17605 18466 
19348 20251 21175 22120 23086 24073 25081 26110 27160 28231 
29323 30436 31570 32725 33901 35098 36316 37555 38815 


Fourth Series: 


1 4+ 10 20 35 56 84 120 165 220 286 364 455 560 680 816 969 
1140 1330 1540 1771 2023 2296 2590 2905 3241 3598 3976 4375 
4795 5236 [5697] 6177 6675 7190 7721 8267 8827 9400 9985 


Fifth Series: 
1 410 20 35 56 84 120 165 220 


It may be seen from this that there will be as many secondary 
series as there are appliances in the problem. In problems where 
there are a large number of appliances, and hence a high Rated 
Connected Load, there would be an equally large number of sec- 
ondary series, which would greatly increase the number of com- 
binations and the amount of labor in computing them. In order 
to reduce this it is a good policy to change assumption 3 so that 
the appliances may not operate at intervals of less than 5 cu. ft. 
Due to the larger number of combinations possible with large 
rated connected loads, the error introduced by this assumption is 
negligible. In fact, in order to obtain mathematical accuracy, it 
would be necessary to take infinitely small intervals in assump- 
tion 3. 


It might seem from assumption 2 that no provision was made 
for the fact that some appliances may not be used at all, while 
others may be used at very high rates. This is not true because 
the primary series starts at a condition where no gas is being used 
and continues to a condition where all possible gas is being burned. 
In other words, all zero combinations have been considered. 


By successively subtracting the required number of secondary 
series the number of possible settings for any given demand are 
obtained, and by substituting these values in formula (1) the 
probability of any one of these hourly demands occurring is ob- 
tained. Graph I shows the values obtained in this problem. It 
will be noted that the probabilities of the smaller loads have been 
omitted for the reason that it would be exceedingly unwise to use 
these values in practical design. Nevertheless, had the curve been 
completed it would have been symmetrical, showing that the prob- 
abilities of small loads occurring are equal to the probabilities. of 
correspondingly large loads occurring. This is of importance be- 
cause it is only necessary to carry the series computations to the 
mid-point of the curve to obtain all values. 
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Graph I. 


It will be noted from Graph I that as the load nears 50 per cent 
of the Rated Connected Load there is a marked flattening of the 
curve. This may be explained by the fact that there is little 
difference in the number of possible settings corresponding to these 
hourly demands. Actual computation will show that the true peak 
is invariably reached at 50 per cent of the Rated Connected Load, 
which leads to the conclusion that the load occurring most fre- 
quently is exactly this load, that is, considered from the standpoint 
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of an infinite number of independent settings of the actual ap- 
pliances. In other words, any one totally random setting of the 
four appliances in the problem (consistent with assumption 3) 
would be most likely to result in an hourly demand eaual to 50 
per cent of the Rated Connected Load. 

In actual practice it is not the most frequently occurring load 
that is of importance, but the probable maximum load, consistent 
with the approved odds. It is, however, from a study of the loads 
occurring most frequently that the desired data are obtained. 
Paradoxical as it may seem, 50 per cent of the Rated Connected 
Load is the hourly load most frequently occurring, and yet in this 
case, the chance of its occurrence is only 1/100. ‘That is, were 
an attempt made to set the appliances by actual trial at exactly 
50 per cent of the Rated Connected Load, the chance of selecting 
one of the proper settings to give the correct load would only be 
one in 100. This is not at all unreasonable when it is considered 
that there are 3,613,701 ways of setting these four appliances in 
accordance with assumption 3. 

The explanation of this apparent paradox lies in the fact that 
the summation of all the probabilities of occurrence of all the 
hourly demands between zero and the Rated Connected Load must 
equal one or certainty. Therefore, any particular hourly demand 
has a definite position on the diversity scale and may be repre- 
sented as being equal to a definite portion of certainty. In pipe 
line design, loads smaller than the capacity of the pipe are of no 
consequence, it is only those loads in excess of the pipe’s capacity 
which might occur that need be feared. Therefore, the solution 
of the present problem requires the installation of a pipe which 
has been designed on a maximum inadequacy threat of only one 
chance in 15. That is, the chances of the demand ever exceeding 
the capacity of the pipe will be one in 15 at the time of maximum 
usage. In gambling parlance, this would mean that the odds 
would be over 93 per cent in favor of the house. 

The selection of a demand which accounts for 93 per cent of 
the total possible diversity will then be consistent with the ap- 
proved odds. The mathematical determination of this load re- 
quires that the probabilities (Graph I) be summed, beginning at 
the Rated Connected Load and proceeding toward zero, until the 
sum has reached approximately 0.067. In the above problem this 
occurs at 75 per cent of the Rated Connected Load, of 150 cu. ft. 
per hr. So, 150 cu. ft. per hr. is the demand upon which the 
service should be designed. 


Summary of Data on Individual Diversity 


Although the preceding data on individual diversity and coinci- 
dence are by no means complete enough to formulate definite con- 
clusions, it is nevertheless believed that a very workable knowledge 
of the subject has been gained. From the investigations thus far 
the truth of the following statements seems established: 

1. The individual’s gas appliances are the direct cause of 
diversity, the amount of which is dependent almost entirely on the 
number and type of these appliances. 


2. Because of the flexibility of operation, the gas appliances 
create a much greater diversity than might normally be expected. 


3. The mathematical calculation of diversity to any degree 
of precision demands that numerous assumptions be made, the 
validity of which will require several years of operating expe- 
rience to entirely confirm. Logically and mathematically these 
assumptions appear to be correct, and if not proven to be false by 
later investigation, will give correct results, for there can be no 
doubt of the correctness of the probability theory. ‘The mathe- 
matical application of the probability theory to business problems 
is an established success, as is demonstrated by the results of its 
application to the telephone utility business for a number of years. 

4. Good business methods demand that diversity be considered 
in the design of gas distribution properties and the successful solu- 
tion of problems in diversity requires the selection of what has 
been termed “Diversity Odds,’ which may only be determined 
on the basis of sound business reasoning. 


Results from Past Load Factor Studies 


The data collected and compiled by the past “Load Factors” 
committees serves to substantiate the foregoing mathematical cri- 
teria. It will be noted by reference to Volume 19 of the Proceed- 
ings of this Association that a grouping of individuals without 
strict reference to their installed appliances and rated connected 
loads shows that few exceed an hourly demand of 75 per cent of 
their rated connected load, even when the demand is based on a 
15-minute observed non-coincident demand. 

Had the “Load Factors” committees of the past treated the sub- 
ject mathematically, the results might have been more conclusiye. 
However, the importance of these studies for the purpose of check- 
ing mathematical deductions cannot be overemphasized. Perhaps 
one of the main reasons why the former clock-meter studies have 
been a trifle inconsistent in some respects, is due to the inability of 
the present types of demand recording meters to accurately register 
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the consumption of gas. It very often happens with the present 
type of meters that the largest and most important loads are ob- 
scured, due to a too rapid fluctuation of the recorder. This 
phenomenon was especially true of studies of the instantaneous 
type of hot water heater. 

It is gratifying to see that some effort is being made to improve 
the demand meter. During the past year, the Los Angeles Gas 
and Electric Corporation has made some experiments in an en- 
deavor to reverse the operation of the recorder and make the 
smaller and least important loads the least legible, and the larger 
and more important loads the most legible. This has been done 
by having the tape upon which the recorder marks, move as a 
function of the gas passing through the meter. They believe their 
experiments will eventually lead to a satisfactory device. 

Unless a more satisfactory recording meter is perfected in the 
near future, it will not be possible to conduct the experiments 
which the increased knowledge of load factors will suggest. 


W ater Heater Load Factors 


There have been some misgivings on the part of some of the 
Distribution Engineers throughout the country that the automatic 
water heaters, if universally used by consumers, would have a 
tendency to create rather large peak demands on the distribution 
system. In order to gather data which would serve to show this 
effect and also to justify some of the necessary assumptions in the 
mathematical computation of diversity, the committee during the 
past year collected a number of recording meter charts. Graphs 
I to VI show the results of this study. 
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Graph Il. Water heater load factors—thermo-storage. (Los 
Angeles Gas and Electric Corp—aI1100 B.t.u. gas.) 
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It will be noted from these graphs that the contribution of the 
automatic water heaters studied was invariably but a small portion 
of the total possible contribution. In other words, the diversity 
factor or ratio of the non-coincident loads to the coincident loads 
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Graph VI. Water heater locd factors—British Colum- 
bia Power ard Light Compszny—S50 B.t.u. gas. 


is very high. It is believed that the high diversity factor is due 
to the fact that under present day living conditions, there is no 
common household demand for hot water that requires an hourly 
period to satisfy. The fact that as a rule water heaters operate 
but a short period of time at any one burning, removes all menace 
from this type of gas load. 


Group Diversity and Coincidence 


Mathematically, a group of consumers may be consideced as one 
large individual with a great number of appliances. Therefore, 
the same mathematical assumptions which were applied in the case 
of the individual may also be applied to a group as can likewise 
the “Binomial Law” solution of the number of appliance settings. 
It is evident from the foregoing mathematics of the individual’s 
diversity that the solution for large groups will become quite in- 
volved, the reason being the great number of secondary series 
which must be subtracted from the primary series. 


TABLE NO. 2 


# 


330 1/2 460 1/33 
400 1/9 470) 1/128 
410 1/13 4&0 1/213 
420 1/17 490) 1/370 
430 1/25 500 1/660 
440 1/35 510 1/1265 
1/53 520 1/ 


450 


2560 


The development of the mathematics of the individual consumed 
so much of the committee’s time this year that it was not possible 
to devote much time to group studies; nevertheless, the following 
data will serve to show diversity trends for small groups. Graph 
VII shows the probability curve for a group of five consumers. 
It will be noted that the hourly demand occurring most frequently 
is 50 per cent of the Rated Connected Load, the same as for the 
individual. It will also be noted that the probabilities of large 
loads occurring are exceedingly small. In fact, the probability of 
the load ever equaling the Rated Connected Load is 1/371,504,185,- 
344, or for practical purposes an impossibility. Table No. 2 shows 
the rapidity with which the “Diversity Odds” climb in going from 
50 per cent to 80 per cent of the Rated Connected Load. 

By comparing Graph I with Graph VII the trend of diversity 
may be seen. For example, in Graph I the curve begins to rise 
almost immediately after leaving the Rated Connected Load 
while in Graph VII the curve does not start to rise until in the 
neighborhood of 75 per cent of the Rated Connected Load. This 
leads to the conclusion that at infinity or with an infinitely large 
group of consumers, the curve would not start to rise until it had 
reached 50 per cent of the Rated Connected Load, and then would 
fall directly back, making one straight line at the 50 per cent 
point. It must be reasoned, though, that after a certain number 
of consumers, the curve in approaching its limit would progress 
very slowly. For the size of groups commonly encountered in dis- 
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tribution practice the limit, it is estimated, would lie between 50 
per cent and 60 per cent of the Rated Connected Load. In an en- 
deavor to approximately determine just where this limit occurred 
Graph Viil was prepared. The number of consumers was varied 
from one to twenty and, in order to lessen the amount of computa- 
tion work, it was assumed that each consumer had only one ap- 
pliance, a gas range. Therefore, curve No. 1 in Graph VIII may 
be said to be plotted on a minimum diversity basis. If more appli- 
ances had been considered, the curve would have approached its 
limit much more rapidly as shown in curve No. 2. The relatively 
high percentages of the Rated Connected Loads are the result of 
accepting the diversity odds of 1/1000. Graph VIII, in addition 
to showing the effect of the number of consumers upon diversity, 
the odds remaining the same, illustrates “cinch” gambling odds 
curve No. 1) in the design of pipes serving small groups of con- 
sumers. To design p pes for greater percentages of the Rated 
Connected Loads than those given on curve No. 1 would show a 
decided tendency to over-stock in pipe capacity. 


Di cussion of Diversity Odds 


From the foregoing mathematics, it 1s apparent that the most 
vital part of the solution of problems in diversity, whether for 
the case of the individual or the group, is the selection of the 
proper diversity odds. It cannot be expected that gas engineers 
and executives are as familiar with gambling odds as are race 
track bookmakers and professional gamblers, so some criteria must 
be set up as a guide in the selection of these odds. The loss of 
pressure due to the flow of gas in pipes is a familiar phenomenon; 
therefore, some effort will be made to show a relation between 
gambling odds and pressure loss in pipes. To begin with, it is 
very common practice among gas distribution engineers to design 
gas mains and services for low pressure on a one inch and a one- 
half inch of water column pressure loss, respectively. It is main- 
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tained that this small pressure loss will have no effect on the 
operating efiiciency of a gas burner, but it is also generally con- 
ceded that double this small pressure loss will not interrupt the 
gas service, even though the operating efhciency may not be up to 
the standard. It seems justifiable that a gas utility’s service de- 
fined as being reasonable should be permitted on very rare occa- 
sions to reach this upper limit. In the selection of diversity odds, 
it should first be judged what odds will represent this upper limit. 
In the opinion of this Committee these odds, in the case of the 
individual, should be 1/100; and, in the group case, 1/1000. Now 
from formulae (2) and (3) it is known that Q, the quantity of gas, 
will vary as the square root of the pressure loss; therefore, the 
load may be increased 1.41 times before the pressure loss is dou- 
bled. From this it would seem to be within the limits of reason- 
ably good service to take 70 per cent of the load producing the 
odds of the upper limit and use it, allowing a suitable safety factor 
as the demand on which to design the pipe. For example, in the 
case of a group of five consumers such as is illustrated in Graph 
VII, a load. of 510 cu. ft. represents odds of 1/1265, or slightly 
above the recommended 1/1000, then 70 per cent of 510 equals 355 
cu. ft. or approximately 54 per cent of the Rated Connected Load. 
The diversity odds in this case are then about 1/3. Now, it is 
apparent that odds of 1/3 are not very attractive, but the very 
rapid increase of these odds as the load increases assures us that 
the load will not, as a rule, go very far beyond this point. Fur- 
thermore, the probability theory assures us that the chances of the 
load going very far beyond this point very often are exceedingly 
rare. ‘Therefore, by selecting a safety factor suitable for the 
occasion under consideration, it is not difhcult to visualize the 
manner in which the diversity odds should be selected for any 
specified conditions. 


CLASSIFICATION OF GAS MAINS 
Gas Service 
A gas service supplies gas directly to the consumer’s meter from 
the gas main. ‘The special type of service supplying more than 


one meter or consumer is essentially a main and should be re- 
garded as such. 


Distributor Main 


A distributor is a gas main which functions solely to deliver gas 
from a source of supply, such as a feeder main or distributor- 
feeder, to the services connected to it. 


Feeder Main 


A feeder is a gas main which functions solely to deliver gas 
from a principal source of supply, such as a district governor or 
holder, to distributor or distributor-feeder mains connected to it. 
Technically it does not supply gas to services. 


Trunk Line 


A trunk line is a gas main which functions solely to deliver gas 
from one principal source to another, as, for example, from the 
manufacturing plant to the district governor or holder. Tech- 
nically it does not supply services to other mains. 


Distributor-Feeder Main 


A distributor-feeder is a gas main which serves the double pur- 
pose of delivering gas from a source of supply to the services con- 
nected to it and also of delivering gas to other types of mains. 


Other Intermediate Types 


There are also other intermediate types of gas mains possible 
but they have, as yet, no part in distribution design. 


Flow Formulae 


A careful study of the technical literature on the “Flow of Gas” 
will lead to the conclusion that practically every great mathema- 
tician and scientist, at one time or another during his career, de- 
rived theoretically a formula for the flow of gases or other fluids 
through pipe lines, tubes, and conduits. Many of these investi- 
gators later checked their formulae experimentally. So, it will 
be found that there are a great many formulae for the flow of gas 
through pipe lines, no two of which entirely agree. For this reason 
there is considerable controversy as to the most accurate formula. 

This Committee, in studying the relative merits of the various 
formulae, is of the opinion that there are three formulae which 
appear to provide most accurately for the factors governing the 
flow of gas, viz., Weymouth, Spitzglass, and Unwin. The latter 


two are probably the more accurate for short lengths and low 
pressures. All three of these formulae in the form in which they 
were originally derived are difficult to apply to routine computa- 
tions, therefore, the reduction of these formulae to a simpler form 
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was undertaken. ‘The reason for this simplification will be more 
readily understood later on in this report under the discussion of 
“Design of Networks and Systems.” 

It may be stated here, however, that in network flow it is 
necessary to work with two unknowns in the formulae, that is, it 
is necessary to assume one of the unknowns and then solve for the 
other, by the method sometimes called trial and error. This type 
of calculation work, unless limited in some way may become very 
arduous. 

The essential difference between the formulae is in the value 
used as a coefficient of friction. If this friction factor is evaluated 
for each of the pipe sizes and expressed as a numerical constant, 
it is then possible to separate the other independent variables and 
reduce the entire formula to standard conditions of temperature 
and pressure. First it is necessary to set up a line of demarkation 
between high and low pressure, so that separate formulae may be 
used for the two pressure ranges. This line of demarkation was 
assumed to be 1 pound gage, therefore, in the discussion to follow 
all pressures in excess of 1 pound gage will be considered as high 
pressure. 

A standard type of low pressure formula takes the following 
form: 


‘1 


‘i 
— / iD) 
Q=K | NV (2) 


4 


A standard type of high pressure formula takes the following 
form: 


() = KK h / 
ee 
Where: 


Q is the quantity of gas discharged in cubic feet per hour at 60 
degrees Fahrenheit, and 30 inches of mercury barometric pres- 
sure; and 0.7 specific gravity. 

H is the loss of pressure in inches of water column. 

L is the length of the pipe in hundreds of feet. 

P, is the initial pressure in lbs. per sq. in. absolute. 

P. is the terminal. pressure in lbs. per sq. in. absolute. 

K; is an arbitrary constant which is Q’s value when the product 
of the independent variables is equal to unity. 

Kn is the same as Ki except for high pressure flow. 

The constants Ki and Kn in non-technical language may be said 
to represent the quantity of gas which will flow through 100 feet 
ot main at a pressure drop of 1 inch of water column and 1 pound 
gage respectively. 


TABLE NO. 3. TABLE OF Kn CONSTANTS 
(STEEL PIPE) 


For Gas Flow Formulae (High Pressure) 


%In. 1IIn. 1%4%4In. 1%In. 2In. 24%4In. 3 In. 
Oliphants 179 329 656 968 1818 2847 4928 
Rixs 197 361 717 1054 1968 3070 §283 
Coxs 178 326 646 950 1775 2768 4765 
Pittsburg 197 360 714 1050 1960 3057 §262 
Towl 205 375 743 1093 2041 3183 5479 
Robinson 201 367 728 1071 2000 3119 5368 
Weymouth 145 277 574 867 1687 2710 4837 
Spitzglass 108 217 479 743 1505 2457 4471 
Unwin 114 225 485 743 1474 2388 4285 

t(-: 6a tm: 2. “Win. ‘Ge “20, 
Oliphants 9924 27684 55576 99207 160149 295955 517356 
Rixs 10552 29028 57666 101846 162869 297038 512606 
Coxs 9514 26172 51992 91825 146845 267812 462171 
Pittsburg 10509 28910 57430 101429 162204 295824 510510 
Towl 10942 30100 59794 105605 .168882 308003 531529 
Robinson 10721 29494 58590 103479 165482 301802 520828 
Weymouth 10116 29770 61898 113562 187379 355714 636571 
Spitzglass 9396 27789 56654 100840 158446 290731 492154 
Unwin 8954 25955 53277 95300 154338 285354 497255 
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TABLE NO. 4. 
For Gas Flow Formulae (Low Pressure) 


TABLE OF K, 


(STEEL PIPE) 


CONSTANTS 


J OR ee 344 In. 1 In. 1% In. 1% In. | 2 In. | 2% In. 3 In. 
Pole 172 315 625 919 1716 2677 4608 
Spitzglass 112 226 497 771 1559 2552 4642 
Cox 159 292 579 $51 1589 2479 4267 
Unwin 92 244 §25 806 1599 2590 4649 
Weymouth 149 284 590 891 1734 2785 4970 
he ie fe 4In. 6In. 8In. 10 In. 12 In. 16In. 20in. 
Pole 9203 25316 50275 88812 142020 259030 446860 
Spitzglass 9737 28851 58764 104710 164400 302040 511270 
Cox $521 23440 46549 $2231 131500 239840 413740 
Unwin 9713 28145 57466 103350 167370 309390 539110 
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Weymouth 10396 30593 63610 116704 192563 365555 654183 

The two preceding tables of (K) constants-.are based on “Na- 
tional Tube” internal diameters for steel pipe. Cast iron pipe con- 
stants, because of their uniformly larger inside diameters would 
be larger than these values. It is recommended that the above 
constants be rounded out on the side of safety, as it will greatly 
facilitate their substitution in the flow formulae. 

Kn and K; will vary inversely as the square root of the specific 
gravity of the gas; therefore, if it is desired to find the (K) con- 
stants for other specific gravities than 0.7 it is only necessary to 
make a simple computation. 


Modified Gas Flow Formulae 


It is evident that a gas main receiving gas at one end and dis- 
charging it at intervals along its length would deliver consider- 
ably more gas than the same main receiving gas at one end and 
discharging it at the other. This increase in capacity has been 
commonly called “The Augmenting Effect of Service Discharge.” 
The exact magnitude of this augmenting effect was not known unti! 
comparatively recent times, although various engineers had esti- 
mated the amount to range from 50 per cent to 75 per cent in- 
crease in Capacity. 

In October, 1926, Roger C. Boughton in collaboration with W. M. 
Henderson, both of the Los Angeles Gas and Electric Corporation, 
completed a mathematical and experimental treatment of this prob- 
lem, and established the laws governing the flow of gas through 
distributor mains. ‘This treatise, although never published in its 
entirety, was utilized by Mr. Henderson in a paper appearing in 
Volume 18, Page 462 of the Proceedings of this Association. It is 
believed that a more complete synopsis of this work, entitled “Dis- 
tributor Design,” will be of general interest. 

The following discussion of distributor design, or the augment- 
ing effect of service discharge, is based on the above mentioned 
article. 


High Pressure Distributor Analysis 


To aid in the explanation of a simple method for designing dis- 
tributors a hypothetical case will be presented and analyzed. In 
this hypothetical case services will be considered as being equally 
spaced along a main and discharging gas at exactly the same rate. 
Such a distributor will be hereinafter referred to as a ‘Perfect 
Distributor.” 
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Fig. 1. 


Consider, therefore, a perfect distributor of finite dimensions: 
length 1000 feet, diameter 2 inches, number of services 10, spacing 
100 feet, gas discharged per service per hour 1000 cubic feet and 
initial pressure 20 pounds gage. (Fig. 2.) 

What will be the final gage pressure at Service No. 1; the total 
pressure loss over the entire distributor; and the capacity, with 
the same initial and final pressures, if calculated by usual flow 
formulae without regard to the augmenting effect of service dis- 
charges? 

Having available, as yet, only usual flow formulae, there is but 
one method by which to determine final gage pressure at service 
No. 1. This is to begin with the 100-foot section of main between 
the feeder and service No. 10 and calculate final absolute pressure 
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at service No. 10. Then with this value as initial absolute pres- 
sure repeat the process for Section No. 9, and so on down to and 
including Section No. 1. The value of (Q) in each calculation 
will be the sum of the gas discharged from all services downstream 
from the section in question. 

Formula (3) will be used, but to solve for final absolute pressure 
(P.) as the unknown quantity, it will have to undergo a transposi- 


tion: 


ae s/s a 


Ix 7 


(Q), the discharge, or flow per hour, in section No. 10 is 10,000 
cubic feet, absolute initial pressure is 34.61 pounds (atmospheric 
pressure in this locality being taken at 14.61 pounds) and the arbi- 
trary constant (Kn) from Table No. 3 is 1500. (Spitzglass 
Formula). 


100002 q 
P. —— , / 44 61- — 
| L500- 


P.=33 96185 pounds als. 


With this value as absolute initial pressure for section No. 9 and 
(Q) the sum of the gas discharged from all services downstream 
(9000 cubic feet per hour) the absolute final pressure at service 
No. 9 may be found by a similar calculation: 


9000 
P,= 4/ 33.96185" — 
VV 1500 


P, =33 .42764 pounds ais. 


and so on down to and including Section No. 1. 


The results of these successive calculations are of such great 
importance that they will be tabulated in a form convenient for 
further consideration. (Table No. 5). 


TABLE NO. 5 


O’L; 

Section P; P;° re Ps P, 
No. Ku" 

10 34.610 1197.852 44.444 1153.408 33.962 
9 33.962 1153.408 36.000 1117.408 33.428 
8 33.428 1117.408 28.444 10838.964 32.999 
7 32.999 1088.963 21.778 1067.185 32.668 
6 32.668 1067.185 16.000 1051.185 32.422 
5 32.422 1051.185 11.111 1040.074 32.250 
4 32.250 1040.074 7.111 1032.963 32.140 
3 32.140 1032.963 4.000 1028.963 32.077 
2 32.077 1028.963 1.778 1027.185 32.050 
] 32.050 1027.185 0.444-- 1026.741 32.043 

L; = Service spacings in units of 100 ft. 

Absolute final pressure at service No. 1 is 32.043 Ilbs., and the 


final gage pressure is: 
32.043—4.610=17.433 Ibs. 
Total pressure loss over the entire distributor is: 


34.610—32.043 = 2.567 Ibs. 
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The capacity with the same initial and final pressures, if cal- 
culated by the usual flow formulae as though discharging at one 
terminal only without regard to the augmenting effect of service 
discharge is: 


/(34.610)* — (52.043) 


(); = a) 6 / 
4 10 


(), = 6205 cu. ft. per hr. 


From the foregoing it is evident that the use of the usual flow 
formulae for properly calculating distributors involves a mass of 
computations. Because of this, it has become customary, even 
though erroneous, to use the usual flow formulae for distributor 
calculations as though there were no services connected. The 
results obtained by this procedure are low and, as a consequence, 
result in the selection of too large a pipe. 

In the example given, with the same initial and terminal pres- 
sures, by considering the augmenting effect of service discharges, 
capacity is increased 3795 cu. ft. per hr., or nearly 62 per cent. 

If for some reason 2.567 lbs. should be the maximum pressure 
loss allowable on the 2 inch distributor and 10,000 cu. ft. per hr. 
should be the demand, then if customary procedure were followed, 
the preceding calculation would show that only 6205 cubic feet 
could be discharged per hour. Therefore, if 10,000 cubic feet were 
to be discharged per hour with the same initial and fina! pressures, 
then under the customary procedure, the size of pipe would have 
to be increased, an action which preceding argument has shown 
to be unwarranted. 

Reference was made to the importance of results tabulated in 
Table No. 5. Beginning at the bottom and reading upward the 
quantities in the first column, headed “Section No.” form a series, 
the series being an Arithmetical Progression: 


I : 2 3 : 4 ss 
a , at+d a + 2d ; a + 3d we 
In the same direction the quantities in the fourth column headed 
Q’Ls 
Kn 


from a series, the series being similar to a familiar one in Algebra 
pertaining to square piles of spherical shot. 


¥ 2° :' 3° j + 
1 : 4 : 9 , 16 
444+ 1.778 4.000 7.111 


But the spherical shot series is merely the square, term for term, 
of the “Section No.” series; and the similar scries in the fourth 
column is merely the product, term for term, of the bottom quan- 
tity of the column and the square of the corresponding term in the 
first column. (Section No.) Hence, there is a definite relation 
between corresponding terms in both columns. 

It may be more clearly illustrated by writing out the series with 
terms in correspondence, 


Section No. 1 ! 2 ; 3 
Spherical Shot — | 
or g : 2° 3° 
Section Nos. ” 
times 


Bottom Quantity 
444+ . 4444+ , 4444 
Column 4 Table No. 3 
gives a 
Q’L, 
Product —_—_ 444+ , 1.778 , 4.000 
Ki,” 


The sum of the spherical shot series to (n) terms.can be found 
from the formula: 
S=n(n+1) (2n+1) ( 
6 


A 


where S = Sum of the series 


n = Number of terms. 
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Section numbers, in a Perfect Distributor, must correspond with 
service numbers, and the number of terms in the spherical shot 
series for any particular case will be equal to the number of sec- 
tions. Therefore, the quantity (n) may be taken as the number of 
services. 

In the case at hand, then (n) will be 10 and according to 


formula (5): 
S = 10(11) (21) 


6 
S = 385 
The product of the sum of the spherical shot series and the first 
term of the . 
Q’L; 


Ki" 


series will be equal to the sum of the products of each term squared 
in the “Section Number” series and the first term of the 


O’L; 
an series. Thus: 
Ky 
385 & 444+ = 171.110+ 
10° X .444+ = 44.444 
9° X .444-+ = 36.000 
8° X .444-+ = 28.444 
7° X 444+ = 21.778 
6° X 444+ = 16.000 
5° x 444+ = 11.111 
4X 44+= £#72.111 
3° X 444+ = 4.000 
2° X .444+ = 1.778 
1° xX .444+= 40.444+ 
171.110+ 


It is now less arduous, with the knowledge gained, to compute 
the final pressure at service No. 1. Previously it was necessary 
to solve independently for each section of the distributor; while 
now the same result may be found by squaring the absolute initial 
pressure, solving 

QO’L, 


Kn° 
for section (n) and dividing by (n°) then multiplying by (S) as 
found from formula (5); subtracting this last result from the 
absolute initial pressure squared and extracting the square root 
of the remainder; which square root will be the absolute final 
pressure. 


For example: 
P, = 34.610 Ibs. abs. 


Pi’= 1197.852 


Q’Ls 

—_— = 44.444+ 
Kn” 

44.444 

—_— = 0.444 + 
100 

S = 385 


385 X 0.444 = 171.1107 
1197.852 — 171.110 = 1026.741 


V 1026.741 = 32.043 Ibs. abs. final pressure 
32.043 — 14.610 =217.433 lbs. final gage pressure. 


Thus far in the analysis of the Perfect Distributor consideration 
has been given only to the terminal pressure resulting from the 
discharge of 10,000 cubic feet of gas per hour (Q) under distrib- 
utor conditions; and with the same terminal pressures to the 
discharge (Q;) under end to end conditions, which was found to 
be 6205 cubic feet per hour. In addition let consideration be given 
to the terminal pressure resulting from the discharge of 10,000 
cubic feet per hour (Q:) under end to end conditions. Calling 
the resulting absolute final pressure (P2,) then from formula (4) 


LEV 
Peg =4/ Pi? — — (4) 
K h? 
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There are, therefore, three important conditions which, for 
distinction, will be numbered and described as follows: 


1. Higher end to end condition wherein the quantity (Q:) is 
10000 cubic feet per hour and the pressure loss is 7.162 pounds. 


2. Distributor condition wherein the quantity (Q) is 10000 cubic 
feet per hour and the pressure loss is 2.567 pounds. 


3. Lower end to end condition wherein the quantity (Q:) is 
6205 cubic feet per hour and the pressure loss is 2.567 pounds. 


Quantities of gas discharged are equal in the first and second 
conditions and pressure losses are equal in the second and third. 
There is also a relation between discharges and pressure losses 
in the first and third conditions. 

It has been previously stated that capacity, under high pressure, 
varies as the square root of the difference of the absolute initial 
pressure squared and the absolute final pressure squared, when 
length is constant. This relation may be indicated: 


& — 
Qoc\P, “=P, 


a statement which leads to a simple proportion between discharges 
and pressure losses in the first and third conditions, 


Q: (P2—Pi2) 


Q; (P,? — P,?) 


Calling the ratio between (Q2) and (Q,), (R), then 


(P,? — P; a“) 
R= 4/———_ 
(P,2 — P.?) 


and by squaring 


R?2 =—— 
(P,?—P,?) 
but (P;?— Pe. ,?) is equal to 
Q.2L 
Ki2 


from formula (4) and because, in a Perfect Distributor the dis- 
charges in (1) the higher end to end condition and (2) the dis- 
tributor condition are equal, then, 


Q.=Q 


but, in addition, because service discharges are equal, (Q) is equal 
to the number of services times the discharge from one service, 


OQ — nQs (6) 


where Q;> The discharge from one service in cubic feet of gas 
per hour at atmospheric pressure. 


Consequently, 


Q: = nQs 
Furthermore, because service spacing is equal, 
L =nLs (7) 
where Ls = Service spacing in units of 100 feet each, or fractions 
thereof, 
Therefore, 


()2?L (nQ.)? nL, 
(P;?—P2,7) = a = ee 
iN bh? kK h- 


The quantity (P,?— P»?) is equal to 


Q2L 
K ,2 


and because pressure losses are the same in the second and third 
conditions it is also equal to the difference of the absolute initial 
pressure squared and the absolute final pressure squared of (2) 
the distributor condition as found from successive calculations in 
making Table No. 5, and also as found from the shorter method 
described thereafter. Consequently, 
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(nQ .)? L, . n(n+l1) (2n+!1 


(nQ .}? mise 


K }2 
Cheretore R2 = x 
(nQ.)? I 
IK 42 n(n+1] (2n+1 
n- 6 
Putting (nQ,)? = Z 
and n(n+1) (2n+1) = 8S 
6 
Z, — > 
K }? 
then R2 = 
Z Rais 
K }? » 
9 
n? 
Zn, 


3 
2. U 
adits» 


from which (R) may be determined as 


sel 


R= / ~ Q 


(R) is therefore a function of (nm), the number of services. 
Service spacing and quantity of gas discharged per hour per 
service are without effect upon its value. 

Since (R) is a function of (mn) it will be interesting to study 
the changes in (R) corresponding to changes in (n). This can 
best be done by means of a graph, (Graph IX), plotted with (R) 
as ordinates, and (n) an abscissae. 

The origin of the curve is a Point d’Arret, as (n) cannot be less 
than unity. The curve rises sharply at first, and then gradually 
becomes more and more nearly horizontal. The value of (R) 
when (n) is 15 is 1.65, and when (n) is 1000 it is only 1.73. 
This serves to illustrate how very slowly (R) changes after (n) 
has passed 15. 


Low Pressure Distributor Analysis 


The analysis of the Perfect Distributor functioning under low 
pressure is very similar. From formula (2) 
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Graph 1X. Curve showing values of (R) corresponding to 
values of (n). 


Consequently, if a tabulation is made similar to Table No. 5 only 
two headings will be necessary, viz., “Section No.’ and Pressure 
Loss, or 


QL, 
K:’ 


Between these two columns the same relations will exist as between 
the first and fourth columns of Table No. 5. Hence (R) may be 
found, as in the case of high pressure, from formula (9). 


Derived Formulae. 


The foregoing arguments have been presented with one thought 
in mind, viz., the derivation of formulae suitable for Perfect 
Distributors. Combining formulae (3) and (9) will give for 
high pressure: 


(P12 — Ps) 
Q = Ky 2 (10} 
L 


and combining formulae (2) and (9) will give for low pressure: 


Ww 
—— A — (11) 
L 


In both cases it is easy to see that the lower end to end condition 
is first calculated and then modified to give the theoretical quantity 
discharged in the distributor condition. 


A glance at the foregoing mathematics will show that the intro- 
duction of the (R) quantity for the correction to distributor flow 
conditions greatly increases the labor of applying the ordinary 
flow formulae. This may be overcome to a great extent by setting 
up a table of “R” values. 


Before doing this, however, it must first be realized that in 
actual distribution practice it is very seldom that perfect distrib- 
utors are encountered. The great majority will be imperfect 
distributors having unequal bleedoffs and unequal service spacings. 
This fact should be considered in applying these formulae to actual! 
design problems. The original authors of this work suggest that 
this may be provided for by taking the number of services equal 
to twice the length of the distributor main under consideration 
(the main being measured in units of one hundred feet). Obvi- 
ously, 2L does not account for 100 per cent consumer saturation, 
hence the resulting number of services will be a trifle low, allowing 
a safety factor to account for imperfect distributor conditions. In 
reality, there is another reason for this, viz., it is not always 
possible to determine the ultimate number: of services which will 
be connected to a new main extension. It will be noted in the 
table of “R” values (Table No. 6) that if the actual number of 
services is known the value of (R) may be obtained from the 
table by substituting the actual number for the corresponding value 
of 2L. 
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TABLE NO. 6 “R” VALUES 
Based on (n)=2L 


2L R 2L R 


2 1.2649 22 1.6750 

3 1.3887 23 1.6774 

4 1.4605 24 1.6796 

5 1.5075 25 1.6816 

6 1.5406 26 1.6835 

7 1.5652 7 1.6852 

S 1.5842 28 1.6869 

v) 1.5993 29 1.6884 
10 1.6116 30 1.6898 
11 1.6218 31 1.6911 
12 1.6304 32 1.6924 
13 1.6378 33 1.6936 
14 1.6442 34 1.6946 
15 1.6497 35 1.6957 
16 1.6546 36 1.6967 
17 1.6590 37 1.6976 
18 1.6628 38 1.6985 
19 1.6664 39 1.6993 
20 1.6695 40 1.7001 
21 1.6724 41 1.7009 
42 1.7016 62 1.7113 
43 1.7023 63 1.7116 
44 1.7030 64 1.7119 
45 1.7036 65 1.7122 
46 1.7042 66 1.7125 
47 1.7048 67 1.7128 
48 1.7054 68 1.7131 
49 1.7059 69 1.7134 
50 1.7064 70 1.7137 
51 1.7069 71 1.7139 
52 1.7074 72 1.7142 
53 1.7078 73 1.7144 
54 1.7083 74 1.7147 
55 1.7087 75 1.7149 
56 1.7091 76 1.7151 
57 1.7095 77 1.7153 
58 1.7099 78 1.7155 
59 1.7103 79 1.7157 
60 .7106 80 1.7159 
61 1.7110 $1 1.7161 
82 1.7163 102 1.7194 
83 1.7165 103 1.7195 
84 1.7167 104 1.7196 
85 1.7168 105 1.7197 
86 1.7170 106 1.7198 
87 1.717 107 1.7199 
88 1.7174 108 1.7200 
89 1.7175 109 1.7201 
90 1.7177 110 1.7203 
91 1.7178 111 1.7204 
92 1.7180 112 1.7205 
93 1.7181 113 1.7206 
94 1.7183 114 1.7207 
95 1.7184 115 1.7208 
96 1.7186 116 1.7209 
97 1.7187 117 1.7210 
98 1.7188 118 1.7211 
99 1.7190 119 1.7211 
100 1.7191 120 1.7212 
101 1.7192 121 1.7212 

Line Pack 


Another factor influencing the flow of gas is “Line Pack” or 
the storage capacity of the mains in the distribution system. There 
has also been some controversy as to the nature of this effect. 
The investigations of this Committee show that the pressures which 
are common in distribution practice make the effects of line pack 
almost negligible. Only when the lines are very long and the 
pressures very high may any assistance be expected. The validity 
of this statement may be checked by an examination of the follow- 
ing formula which accounts for “Line Pack.” 


ge = Pp) 
92 (P,2 — P,?) 


September, 1930 
, Page 183 
Where: ~_ , , 
rABLE NO. 7, Z VALUES 
V_ equals total volume of gas in main, in cu. ft. at atmospheric ' 2 , 
pressure and 60 F. ER a n Z n Z 
A equals cross sectional area of main, in sq. ft. I 1.0000 69 2.9357 136 29672 
L equals length of main, in feet. . : 4.6000 70 2.9368 137 2.9674 
° 7 9 “7 > 4 
P; equals absolute inlet pressure, in lbs. per sq. in. 4 bp 4. aoe 138 £.50/1 
> . ; . la 2.938 139 2.9679 
Pe equals absolute outlet pressure, in lbs. per sq. in. 5 2.2726 73 2.9392 140 2.9681 
Apa 6 2.3734 7 2.9402 141 ? 9683 
¢ “ ° ad ~ he »S5 35 
Distributor Feeders 7 2.4499 75 2.9409 142 2.9686 
From the definition of a “Distributor-feeder” it is evident that : apt 76 2.9416 143 2.9638 
. , , 9 7 - ) 
the augmenting effect of service discharge has some effect on the io por : map 144 2.9690) 
= ° ° . . 3 y * 7R e 
capacity of this type of main. It is also evident that this effect 11 rig a pete 145 2.9692 
=. . a as ? 
will not be as great as in the case of a true distributor. Therefore, 12 2 6532 80 pte a pent 
° : m P ja ~ ie * = Ze / hoe h 
; oe ns in capacity due to the augmenting effect of service 13 2.6824 81 2.9450 148 > 9698 
: ‘<6 > ° 99 ° ° ; eo : a ‘ eee FOPS 
ys iil in pn ag “cigtanaa will lie somewhere between true 14 2.7034 82 2.9457 149 2.9700 ' 
istributor and feeder flow. 15 2.7215 83 2.9464 150 2.9702 | 
‘ It was found in the case of distributor flow that the mathemat- 6.1307 34 2.9471 151 2.9704 | 
m ; ne" 7 276 - . "as 
ical base was a series pertaining to square piles of spherical shot a ppd 35 2.9414 152 2.9706 . 
. . , £ , ie ot 
or the sum of squares of successive numbers to (n) terms. It 19 pote ~ a oe ap ay 
may be readily s h ti Ai : ; 2.7769 $7 2.9488 154 2.9710 . 
posit ily seen that conditions of flow in the case of the 20 2.7372 gg 2.9495 155 > 9742 . 
istributor feeder its firs ae ; - a o¢ “- ) 2.9712 | 
ragga ee Ps aera its first and last service would be sim- 21 2.7969 89 2.9498 156 2.9714 
ae : ‘ ght oe utor flow, the difference being the excess 22 2.8056 90 2.9505 157 2.9715 . 
. h at is a for discharge into another main. This leads 23 2.8137 1 2.9508 158 2.9717 
» the conclusion that distributors and distributor-feeders have 24 2.2211 92 2.9515 159 2.9719 
certain characteristics in common. Because of the detailed proof 25 2.82/8 93 2.9519 160 2.9721 
of distributor flow in the preceding paragraphs, and the evident 26 2.8342 94 2.9526 161 2.9723 . 
similarity to distributor-feeder flow, it is not believed necessary = pete sb o.7969 162 2.91 a4 ! 
y ¢ a . 28 2 X 5 . &2 ? eo wher : 
to dwell at any great length on the proof of the flow of gas in this 9 Ppt ~ se 163 91 & . 
F a1 . r ~ hood / 7 62 > wha) 
be of main, except that it may be stated that the mathematical 30 2.3554 = yt a = ~ 
as a % : a7. 65 2.9729 
oe he cose of a partial summing of the spherical shot series. 31 2.8598 99 2.9550 16; > 973] . 
e Tollow i< > , - pre clelHe “a.7- 6 he ) 
owing formula is therefore presented for low pressure. 32 2.8642 100 2.9553 167 2.9732 
33 2.8683 101 2.9556 168 2.9734 
| Qe QQ: 34 02.8717 102 2.0563 169 2.9736 
H = rine 5 Sinai) (12 35 2.8754 103 2.9567 170 2.9737 
D Kk? 7 7.2 >) 36 2.8788 104 2.9570 171 7 9739 
37 2.8818 105 2.9574 172 2.9740 
Where: 38 2.8850 106 2.9577 173 2.9742 
; 392.8876 107 ~—-2.9581 174 9743 
1 equals pressure drop, in inches of water column. 40 2.8903 108 2.9584 175 2.9745 
"y ) a _~ ~ ~- 
D equals he 41 2 8931 109 2.9587 176 2.9746 
juals demand per 100 feet of pipe on distributor-feeder, 42 2.8954 110 2.9595 177 2.9747 | 
“ ) “— oO , - | ’ 
Q-Q: 43 2.2978 111 2.9599 178 2.9749 | 
SOE csetniliseane 44 2.9002 112 2.9602 179 2.9750 
7 ' 45 2.9023 113 2.9606 180 2.9752 
46 = - 2.9043 114 2.9610 181 2.9753 . 
L equals ‘ength, in hundreds of feet. 47 2.9063 115 2.9614 182 2.9754 
6 : 9 " ) 4 ~ eo 
Ki equals same as in formula (2) be an er — 183 2.3756 
: He a ) 2. 7 2.9621 184 = 2.9757 ) 
Q equals total load on distributor-feeder, in cu. ft. per hr. 50 2.9118 118 2.9623 185 2.9758 
Q: equals feeder load at end of distributor-feeder, in cu. ft. per 1 2.9135 119 2.9627 156 2.9760 | 
hr. 52 2.9152 120 2.9629 187 2.9761 
2 53 2.9166 121 2.9631 188 2.9762 
7? equals 54 2.9183 122 2.9635 189 2.9763 : 
S 55 2.9197 123 2.9638 190 2.9765 
56 2.9210 124 2.9640 191 2.9766 
57 —s- 2.9224 125 2.9643 192 2.9767 
ie n:? 58 —s-2.9238 126 2.9646 193 2.9768 . 
Z: equals 59 2.9251 127 2.9649 194 2.9769 
S 60 2.9262 128 2.9652 195 2.9771 
61 2.9275 129 2.9654 196 2.9772 . 
: 62 2.9285 130 2.9657 197 2.9773 ; 
ms 2Q 63 2.9296 131 2.9660 198 2.9774 
mo equals . 64 2.9306 132 2.9662 199 2.9775 
J 65 2.9316 133 2.9665 200 2.9776 
; 66 2.9327 134 2.9667 . 
4 20; 67 2.9337 135 2.9669 | 
4 > O2A7 
3 ni equals 0d 2.934; 
D | 
y 
Y , . ait . 7 — Ly 
eee Gas Flow Formula: 
5 S : | ) _ 
: equals . It very often happens that authors other than the original in 
: reviewing flow formulae fail to state all of the conditions under 
‘ which the formulae were derived. For that reason the following 
‘ mi(ms + 1) (2m +1) reference data are given. 
7 S: equals 
i 6 The Unwin Formula: This formula was first given in a paper ) 
f before the British Institute of Gas Engineers in 1904; author, / 
. 


Pe ' Prof. W. C. Unwin. 
Ihe corresponding formula for high pressure may be derived 
by substituting the squ 
y subs square root of the difference of the pressures y 4: , Th: : 
canal takes Sul Sh Sens 3 velloe : : pressures The Spitzglass Formula: ‘This formula was first published in a 
= a “ ha gives values to be used in con- series of articles starting in the April 22, 1912, issue of the “Amer- 
nection with the distributor-feeder formulae. ican Gas Light Journal’; author, J. H. Spitzglass. 
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The Weymouth Formula: This formula was first published in 
1912 in the “Transactions of the American Society of Mechanical 
Engineers,” Vol. 34, Page 185; author, Thomas R. Weymouth. 


The Rix Formula: This formula was first published in the 
“Proceedings of the Pacific Coast Gas Association” for 1905; 
author, E. A. Rix. 

Reference data pertaining to the other formulae are not given 
for the reason that most of the original accounts contain little more 
information than can be found from other sources. 


DESIGN OF THE GAS DISTRIBUTION SYSTEM 


Design of Gas Services 


Reference to the definition of a gas service will show that there 
is no applicable modification of the gas flow. ‘Therefore, all gas 
services, except those commonly called “Main Courts,’ must be 
computed on the basis of end to end flow conditions. 

In applying the mathematical formulae for the flow of gas there 
are a number of variables to be considered: viz., quantity of gas 
to be delivered, diameter of pipe, specific gravity, pressure drop, 
length, and capacity of constant (K). In service design work it is 
almost always required to determine the size of the pipe or to 
solve for the constant (K). On the other hand, it is very common 
practice to assume the value of (K), or the diameter of the pipe, 
and then solve for the pressure drop. ‘There is no outstanding 
argument for either procedure, the determining factor being the 
designer’s preference. From a purely mathematical consideration 
it would appear that the proper procedure would be to solve for 
the diameter of the pipe, since the circumstances of the problem 
almost always fix the other variables with the exception of (Q), 
the quantity of gas to be to supplied. In all distribution design 
work the determination of the proper value of (Q) is the task of 
greatest difficulty, the solution of the formulae for gas flow being 
of a very elementary nature in comparison. 

Many considerations enter into the determination of the demand 
for gas that is to be used for the basis of design. ‘The most im- 
portant of these considerations is “Load Factors.’ The determina- 
tion of load factors for the individual’s case has already been dis- 
cussed, therefore, in order to illustrate the application, a typical 
problem will be presented for analysis. 


Design of a Gas Service 


The Facts: 
1. ‘The consumer is in immediate need for gas service. 
2. ‘The installation is to be low pressure. 
3. The B.t.u. content of the gas is to be 1100. 
4. ‘The specific gravity of the gas is to be 0.7. 
5. The consumer will have the following appliances: Range, 


Instantaneous Water Heater, one large space Heater. 
The Assumptions: 


1. The usual mathematical assumptions pertaining to diversity 
may be applied. 

2. ‘The consumer is not likely to enlarge his premises. 

3. A pressure loss of % inch of water column will comply with 
the rules of good service. 

4. The R.C.I. will be 230 cu. ft. as follows: Range 70, Water 
Heater 130, and Large Space Heater 30. 

5. The length of the service allowing for bends, fittings, valves 
and the orifice in the tap to the main will be 46. 

6. Diversity odds equal to 1/16 will be acceptable.* 

The mathematical solution of diversity shows that 80.43 per cent 
of the Rated Connected Load or 185 cu. ft. of gas will, when used 
as the basis of design, produce the required diversity odds. Since 
the service is to be low pressure, formula (2) should be used. 
First it must undergo an algebraic transformation so that (K) 
may be solved for directly. Thus the new form is: 


.- 
K;, = a4/ - 14) 
H 
Therefore by substitution, 
| peisan 
Vos 


From which 


Ky = 177. 


*This problem is based on 5 cu. ft. interval hourly rates and diversity odds 
1/16. These odds permit the load to increase 1.135 times before reaching an 
upper limit of 1/100 or the pressure loss at the upper limit would be 6% tenths 
inch of water column, 1% tenths in excess of the standard. 
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Reference to Table No. 4 shows the constant found, (177) to be 
between the constants: 


112 for 34-inch pipe 
226 for 1-inch pipe 


Therefore, the greater (226) will be the nearest practical corre- 
sponding constant and the size of pipe corresponding (1-inch) 
will be selected. 

As the above computation shows, it is very seldom that the 
solution of a problem will result in a value that will correspond 
exactly with a capacity constant as found in the tables. If inter- 
mediate pipe diameters were available, this would not be nearly 
so true and the load factor data could be applied much more 
exactly and to much better advantage. For this reason it would 
appear to be an economical move to stock intermediate pipe sizes, 
but it is doubtful if the additional capital outlay would be justified. 
However, 134-inch and 2%-inch pipe sizes would be of consider- 
able assistance in the designing of small pipes. 

The computation of diversity and the selection of “Diversity 
Odds” for each separate problem of design requires a large amount 
of work which may be reduced considerably by tabulating typical 
solutions of the most frequently occurring problems. ‘The follow- 
ing table (Table No. 8) of “Design Loads for Consumer Appliance 
Combinations” shows a convenient form of segregating the data 
used in the design of service pipes. ‘This table, together with the 
statistical graphs and tables (Graphs X, XI, XII, and XIII, and 
Tables Nos. 9 and 10) are based on conditions found on the system 
of the Los Angeles Gas and Electric Corporation. 


TABLE NO. 8. DESIGN LOADS FOR CONSUMER 


APPLIANCE COMBINATIONS* 


—— 


Low Pressure 


% of 


Combination Upper Demand Design 
Number | a a Limit Load m. ©. de 

1 70 70 57.15 $1.64 

2 90 90 73.48 $1.64 

3 100 95 77.57 77.57 

+ 110 105 $5.73 77.94 

5 130 120 97.98 75.37 

6 140 130 106.14 75.81 

7 150 135 110.23 73.49 

8 160 140 114.31 71.44 

9 170 150 122.47 72.04 
10 90 90 73.48 81.64 
11 110 105 85.73 77.94 
12 120 110 $9.81 74.84 
13 130 115 93.90 72.23 
14 140 125 102.06 72.90 
15 160 135 110.23 68.89 
16 150 130 106.14 70.76 
17 150 130 106.14 70.76 
18 170 145 118.29 69.64 
19 180 150 122.47 68.04 
20 170 140 114.31 67.24 
21 180 150 122.47 68.04 
22 210 170 138.80 66.10 
23 240 190 155.13 64.64 
24 270 210 171.46 63.50 
25 190 175 142.89 75.21 
26 210 185 151.05 71.93 
27 220 195 159.22 72.37 
28 240 205 167.38 69.74 
29 200 190 155.12 77.57 
30 220 200 163.30 74.23 
31 230 210 171.46 74.55 
32 240 215 175.55 73.15 
33 250 220 179.63 71.85 
34 270 230 187.79 69.55 
35 260 225 183.71 70.66 
36 260 225 183.71 70.66 
37 280 240 195.96 69.99 
38 290 245 200.04 68.98 
39 280 235 191.88 68.53 
40 290 245 200.04 68.98 
41 320 265 216.37 67.62 
42 350 280 228.62 65.32 
43 380 300 244.95 64.46 
44 300 265 216.37 72.12 
45 320 280 228.62 71.44 
46 330 285 232.70 70.52 
47 350 295 240.87 68.82 


*This table based on 5 cu. 


limit having diversity odds of 1/100. The design load is so fixed that the pres- 


ft. 


interval hourly rates and an upper demand 


sure loss at the upper limit will be 7% tenths inches of water column or 2% 


tenths in excess of the standard. 
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TABLE NO. 9. INDEX TO APPLIANCE COMBINATIONS 


15. 


16. 


40. 


NO NT Oh UR COUN Ot 


Range 

Range, Small Space Heater 

Range, Large Space Heater 

Range, Tank Water Heater 

Range, Tank Water Heater, Small Space Heater 

Range, Tank Water Heater, Large Space Heater 

Range, Tank Water Heater, 2 Small Space Heaters 

Range, Tank Water Heater, Small and Large Space Heaters 
Range, Tank Water Heater, 2 Large Space Heaters 

Range, Thermo-Storage Water Heater 
Range, Thermo-Storage Water Heater, Small Space Heater 
Range, Thermo-Storage Water Heater, Large Space Heater 
Range, Thermo-Storage Water Heater, 2 Small Space Heaters 


Range, Thermo-Storage Water Heater, Large and Small Space 
Heaters 


Range, Thermo-Storage Water Heater, 1 Large and 2 Small 


Space Heaters 


Range, Thermo-Storage Water Heater, 2 Large Space Heat- 
ers 


Range, Thermo-Storage Water Heater, 3 Small Space Heaters 


Range, Thermo-Storage Water Heater, 2 Large and 1 Small 
Space Heaters 


Range, Thermo-Storage Water Heater, 3 Large Space Heat- 


ers 
Range, Thermo-Storage Water Heater, 4 Small Space Heaters 


Range, Thermo-Storage Water Heater, 3 Small and 1 Large 
Space Heaters 


Range, Thermo-Storage Water Heater, 4 Large Space Heat- 
ers 


Range, Thermo-Storage Water Heater, 5 Large Space Heaters 


Range, Thermo-Storage Water Heater, 6 Large Space Heat- 


ers 
Range, Thermo-Storage Water Heater, Furnace 
Range, Thermo-Storage Water Heater, Small Space Heater, 


Furnace 


Range, Thermo-Storage Water Heater, Large Space Heater, 


Furnace 


Range, Thermo-Storage Water Heater, 1 Large and 1 Small 


Space Heaters, Furnace 

Range, Instantaneous Water Heater 

Range, Instantaneous Water Heater, Small Space Heater 
Range, Instantaneous Water Heater, Large Space Heater 
Range, Instantaneous Water Heater, 2 Small Space Heaters 


Range, Instantaneous Water Heater, Large and Small Space 
Heaters 


Range, Instantaneous Water Heater, 1 Large and 2 Small 


Space Heaters 


Range, Instantaneous Water Heater, 2 Large Space Heaters 


Range, Instantaneous Water Heater, 3 Small Space Heaters 
Range, Instantaneous Water Heater, 2 Large and 1 Small 
Space Heaters 

Range, Instantaneous Water Heater, 3 Large Space Heaters 
Range, Instantaneous Water Heater, 4 Small Space Heaters 
Range, Instantaneous Water Heater, 3 Small and 1 Large 
Space Heaters 

Range, Instantaneous Water Heater, 4 Large Space Heaters 
Range, Instantaneous Water Heater, 5 Large Space Heaters 
Range, Instantaneous Water Heater, 6 Large Space Heaters 
Range, Instantaneous Water Heater, Hot Air Furnace 
Range, Instantaneous Water Heater, Small Space Heater, Fur- 
nace 

Range, Instantaneous Water Heater, Large Space Heater, 
Furnace 


1 Large and 1 Small 


Range, Instantaneous Water Heater, 
Space Heaters, Furnace 


TABLE NO. 10. 
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STATISTICAL DATA ON APPLIANCE 


Max. Monthly 


Consumption 


§.180 cu 
5.370 cu 
3,343 cu 
3,080 cu 
3.570 cu 
4.540 cu 
5,920 Cu 
4.660 cu. 
7,490 cu. 
6,290 cu. 
6.705 cu 
6.570 cu 
7,240 cu. 
8.415 cu. 
8.780 cu. 
9.070 Cu. 
8.010 cu. 
7,930 cu. 
6.360 cu. 
7.2/4 cu. 
8,190 cu. 
8.140 cu. 
8.440 cu. 
12,300 cu. 
16,140 cu. 
16,010 cu. 
13,970 cu. 
16,670 cu. 
§.230 cu 
6,180 cu. 
7.360 cu. 
5.989 cu. 
6.445 cu. 
4.210 cu. 
7,510 cu. 
7.490 cu. 
7,000 cu. 
7.480 cu. 
8.160 cu. 
8.090 cu. 
5.950 cu. 
10.490 cu. 
9.550 cu. 
20.370 cu. 
13,770 cu. 
15.830 cu. 
16,410 cu. 


COMBINATIONS 
Average of 10 consumers in each appliance combination 
Annual Annual 
Consumption Revenue 
33,710 cu. ft. $31.46 
34.310 cu. ft. 31.93 
24,086 cu. ft. 24.52 
21,410 cu. ft. 22.62 
20,700 cu. ft. 22.03 
30,330 cu. ft. 28.94 
35,860 cu. ft. 32.82 
29,870 cu. ft. 28.65 
44,690 cu. ft. 39.40 
46.220 cu. ft. 40.68 
46,660 cu. ft. 40.86 
43,830 cu. ft. 38.78 
46,220 cu. ft. 40.52 
54.085 cu. ft. 46.23 
56,200 cu. ft. 47.48 
57,430 cu. ft. 48.07 
$3,010 cu. ft. 45.44 
49.130 cu. ft. 42.63 
43,800 cu. ft. 38.89 
49,409 cu. ft. 42.24 
50,840 cu. ft. 43.92 
52.080 cu. ft. 44.76 
51,450 cu. ft. 44.30 
74,400 cu. ft. 60.79 
95,670 cu. ft. 76.37 
81.360 cu. ft. 73.20 
86,910 cu. ft. 70.03 
89,650 cu. ft. 71.98 
38,710 cu. ft. 35.07 
42,310 cu. ft. 37.67 
42,460 cu. ft. 37.80 
39,251 cu. ft. 35.06 
38.605 cu. ft. 35.35 
41,590 cu. ft. 37.14 
45.760 cu. ft. 39.88 
§2,270 cu. ft. 44.90 
48.930 cu. ft. 43.51 
48,240 cu. ft. 42.10 
50,270 cu. ft. 43.47 
46,330 cu. ft. 40.61 
37,620 cu. ft. 34.22 
62,330 cu. ft. §2.21 
60,180 cu. ft. 47.84 
111,420 cu. ft. 87.79 
75,770 cu. ft. 61.96 
86,410 cu. ft. 69.66 
91.090 cu. ft. 73.04 
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Design of Gas Mains: 


In designing gas mains, two courses are open, either an average 
rated connected load per consumer may be taken for the basis of 
design, or an average peak hour demand per consumer may be 
used. Either of these two methods produce a satisfactory design. 

A complete description of the latter method may be found in 
Vol. 18, Page 462 of the Proceedings of this Association. The de- 
sign explained therein is unimpeachable in every respect, and may 
not be added to at this time. 

In order that the two methods may be compared let the same 
problem be solved using an average rated connected load per con- 
sumer. 


The Facts: 
1. The district has been zoned for homes. 


2. The average rated connected load per consumer in surround- 
ing neighborhood is 120 cu. ft. 


Nn Ww 


Street not likely to be extended. 

Eighteen lots suitable for dwellings. 

District is low pressure. 

With future extensions, main can be 20 + 465 — 30 = 455 ft. 
long (the main would run only half way past the last lot). 
The extension will be low pressure. 


Assumptions: 


1. 


Consumers’ loads will be strictly domestic, and consequently, 
vary within narrow limits. 

Consumers’ rated connected loads will be similar to neigh- 
borhood average, or approximately 120 cu. ft. each. 

There will eventually be a dwelling on every lot. 

The Distributor will be eventually 455 ft. long. 


A pressure loss of 1 inch water column between distributor 
terminals will comply with rules of good practice. 
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6. A “Design Load” based on an “Upper Demand Limit” having 
diversity odds of 1/1000 and a 1%-inch pressure drop will 
be acceptable. 


Calculations: 


Q = design load 

Q. = upper demand limit 

H = Pressure drop 

L = Length 

K; = an arbitrary constant. (See Equation 2.) 


it meme eB 
V L 2L (2L + 1) (4L + 1) 


6 


Total R. C. L. = 120 K 18 = 2160 cu. ft. 
QO. = 600%R.C.L. = 1296 cu. ft. 


Q: Hy 
(); H, 
H» oO 
Q: = — Q, = mene QM, = 1.225 Q; 
H, 1 
(> 1296 
Q, = -_ = = 1058 cu. ft. 
1.225 1.220 
Q 
K; = : ao: Seve 
in } (2L)5 
V L  29E,.¢02L +1) (L + 1) 
6 
1058 
KK) = cpiennerenamammceemcannes 
l (9.1)8 
4.55 294.1] 
1058 
A) = - 


0.469 * 1.60 
K, = 1410 


using Spitzglass values from Table IV, the constant found (1410) 
is between the constants: 


771 for 1%-inch pipe 
1559 for 2-inch pipe 


Therefore, the greater (1559) will be the nearest practical cor- 
responding constant and the size of pipe (2-inch) corresponding 
will be used. 


DESIGN OF NETWORKS AND SYSTEMS 
Design of Commercial Networks 


Any network may be defined as an interconnected series of feeder, 
distributor, and distributor-feeder mains receiving gas from a 
common source. The commercial type of network consists of the 
proposed mains which will be extended into new territory as the 
business develops. As a rule, tract maps of proposed subdivisions 
may be obtained considerably in advance of the actual improve- 
ment work, thereby permitting ample time for study of possible 
gas requirements. Of course this study will be of an abstract 
nature at best, there being no way of accurately seeing into the 
future. Logically, this analysis should consist of a weighing of 
those factors which contribute to the gas load. After having de- 
termined the applicable factors in the problem the assumption of a 
probable load may be made. Facility of substitution in gas flow 
formulae requires that the assumed load be in terms of cubic feet 
per hour. In order to make this interpretation and make it in 
such a way that it will apply to all portions of the tract, it is 
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necessary to derive a probable average demand per consumer, or 
a probable demand per foot of pipe that is to be laid. Either of 
these unit figures may be readily applied to the design of the en- 
tire network. Obviously, neither one of the unit figures will be 
apparent without carefully studying the situation. Likewise, nu- 
merous methods may be employed in their determination. Perhaps 
the most satisfactory method is an analysis of adjacent load survey 
data. The execution and application of such a load survey is 
described in the next few paragraphs. 


Design of Betterment Networks 


That betterment design is necessary at all is usually the result 
of bad guesses in the design of the original network. Unfor- 
tunately it is one of the unavoidable hazards of the gas utility 
business that future requirements may not be accurately forecast. 
Therefore, the need of betterment work will always be with us. 
Betterment networks, although not necessarily having attained a 
state of 100 per cent consumer saturation, are nevertheless assumed 
to have reached such a stage of development that building trends, 
etc., may be accurately observed. It is evident in problems of this 
kind that a more satisfactory design is possible than in the case of 
the commercial network. An actual survey of load conditions 
within the network will usually disclose the need of any necessary 
redesign work. 

A “Load Survey” as practiced by a member company consists of 
listing each consumer in the territory according to house number, 
together with the gas consumed during his maximum month, as 
obtained from the meter readings used for billing purposes, from 
the company’s ledger accounts. An experimentally obtained peak 
hour factor is then applied to the summation of the gas used by 
the consumers in each city block in order to determine the peak 
hour demand of the block. The resulting peak hour demand when 
divided by the number of consumers in the block will give the 
average gas consumption per consumer, or if divided by the length 
of pipe in the block will give the average demand per linear foot 
of pipe. The proper allowance for vacant lots in determining 
these averages will produce an ultimate figure. 


Accuracy of design based on “Load Survey” data is dependent 
largely on the correctness of the peak hour factor used. For that 
reason great care must be taken in the selection of the peak hour 
factor or the ratio between the amount of gas used in the maximum 
hour as compared with the gas used during the maximum month. 
The individuality of each utility’s gas distribution system precludes 
the possibility of recommending a peak hour factor that might be 
used in all cases. However, the figure 1:240 is used by the afore- 
mentioned company. ‘They derived this factor by comparing the 
sendout from their gas works on the peak hour with the amount 
sent out during the month. Later this figure was verified by the 
same kind of check in their metered district having master me- 
ters. ‘Their experience has been that the maximum monthly con- 
sumption of a group of consumers when divided by 240 gives an 
hourly demand having an ample safety factor, and hence furnishes 
a satisfactory basis for design purposes. In order to visualize more 
readily the conditions in the territory under consideration they 
record the load survey data on maps of suitable scale. Fig. 3 
shows a typical layout of a load survey map. The abbreviations 
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P. H. and D. stand for peak hour and demand per foot of pipe 
respectively. 

After this description of a “load survey” it is not difficult to see 
how these data are applied to a commercial network adjoining a 
so-called betterment network. Fig. 4 shows a tract which was 
designed from load survey data and illustrates the economy made 
possible by utilizing diversity data, modified flow formulae, points 
of no velocity in network flow, and load survey information. It 
may be seen that the application of “Ideal Square Mile” principles 
would have been difficult here, due to the asymmetry of the streets. 


THE INSTALLATION OF GAS MAINS AND SERVICES 


Location of Mains in the Public Street 
Most municipalities either prohibit or regard with disfavor the 
opening of newly paved streets by utility companies. In an en- 


ry 

: 
» 
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: 
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deavor to prevent this there have been a number of plans sug- 
gested for the location of substructures. One of the most practical 
is the double main or parkway system. By some the parkway sys- 
tem has been favorably received; by others with some doubt and 
misgivings. ‘The arguments for and against this plan in the past 
seem to have been based more on personal opinion than upon facts. 
There can be no doubt that if parkway mains are properly de- 
signed, they will function as well as a single roadway main; the 
question being, which type is the most economical. The answer 
to this question must be based on three considerations: width of 
street, number of services, and demand for gas. 


In order to test the economy of the parkway main system the 
Los Angeles Gas and Electric Corporation solved a hypothetical 
case with a main approximately one-half mile in length. This 
solution demonstrated that there is a very definite limit to the 
economy of either type of main. In this problem it was assumed 
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Fig. 5. Location of gas mains and other substructures in typical street section. 
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Time proved 
value is of Key 


Importance in these 


days of Careful Buying | 


Taese are days of careful buying. 


Close scrutiny of value is the rule Zz 
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field, is recognized by Commercial 


Managers more fully than ever 
before as a definite factor in 
making sales...Welsbach Radiant Heaters are outstanding because 
of their original design and fine finish—yet are moderately priced . . . 


Welsbach quality is revealed in every detail of their construction. 


Welsbach Water Heaters have gained their leadership through their 
efficient performance (and favorable prices). In fact there is not a single | 
detail of any Welsbach appliance that will not bear close examination 
by today’s buyers. When Welsbach gas appliances are featured, 


profitable sales are sure to result. 
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GLOUCESTER CITY, N. J. | 
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50 Hawthorne Street San Francisco 
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that the street widths varied from 10 ft. to 120 ft., that services 
would be spaced at intervals of 25 ft. and 50 ft., and that gas 
demand per linear foot of main would vary from 1 cu. ft. per ft. 
to 6 cu. ft. per ft. The points at which the economy of installing 
one type of main exactly balanced the cost of the other type were 
called “Points of Economical Balance.” Graph XIII shows curves 
drawn through these points. Along with the study of the parkway 
main the location of these mains and also the street mains with 
respect to the property lines of the street was investigated. The 
locations chosen were influenced not only by the locations of other 
utility substructures but also by a local city ordinance which pro- 
hibits any utility property from passing under the street curb at a 
depth of less than two feet. Obviously, in order to obey this ordi- 
nance and at the same time maintain the proper service gradient 
the depth, and hence, the location, of the street main had to be 
considered. ‘These considerations illustrated as a sketch of a typical 
street section are shown in Fig. 5. 


Recommendations 


The Committee at the beginning of the year planned a rather 
ambitious program, much of which has not been completed; how- 
ever, it is felt that considerable progress has been made. The in- 
vestigation of the mathematical solution of problems in diversity is 
not considered finished although it is believed that a workable 
knowledge of the subject has been gained. Likewise, considerable 
data on the latest and most approved methods of application of 
engineering data have been compiled whieh represents, at best, 
only a small portion of the data available. ‘Therefore the “Dis- 
tribution Design” Committee recommends that this work be carried 
on for another year. It also recommends that the incoming com- 
mittee conduct studies of the following nature: Effect of house 
heating loads, determination of diversity odds, design of networks 
and systems; and that it continue with the investigation of the 
mathematical solution of problems in diversity. 


ADDENDA: EXPERIMENTAL PROOF OF AUGMENTING 
EFFECT OF SERVICE DISCHARGES 


lilustration of Experiment 
The experiment was conducted in a location where dry high 


pressure gas was available and where gas could be freely ex- 
pended in creating various loads. 
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Because of the restricted dimensions of the property and the 
desire to experiment with 1000 feet of pipe an arrangement was 
used as shown in Fig. 6. 

Two-inch standard screw pipe, in 20-foot sections, was selected. 
Two fittings (tees) were inserted between sections. From one of 
these fittings, in each case, connections were made to a small 
domestic gas meter. ‘There were 48 small meters in all. At each 
end of the 1000 feet and at the 500 foot point, larger meters were 
installed. ‘These were to serve as master meters. The small 
meters were arranged with blank washers in the outlets, and in 
these washers orifices were made to control the quantity of gas 
passed in a given time. It was a simple matter to ream orifices to 
increase the load. 

High pressure gas was piped to all three master meters and 
reduced to low pressure by means of large service regulators of 
the spring and diaphragm type. Pressures were read by means 
of manometers. Hose cocks were provided in the main line, using 
the second fitting at each meter location for reading pressures. 
This was done so readings would not include losses caused by 
fittings in the meter connections. 

Several tests were made using different pressures and loads, the 
details of which follow. 


TABLE NO. 11. DISTANCE IN FEET FROM MASTER 
METER NO. 1 TO SMALL METERS 


SM = Small Meter. M = Master Meter) 


Supplying through Master Meter No. 1. 


Master Meters Nos. 2 and 3 closed. 


Approximately 919 feet of pipe functioning. 


SM to SM M-1 to SM SM to SM M-1 to SM 
SM- 1 21’ 6” oe SM-25 14 3%” 513’ 1” 
SM- 2 20’ 514” 41’ 1114” SM-26 24 5” a ¢ 
SM- 3 20’ 7” 62’ 614” SM-27 19’ 0%” 556’ 614” 
SM- 4 20’ 914” 83’ 4” SM-28 21’ 0” $77’ 6%" 
SM- 5 21’ 0%” 104 44” SM-29 20’ 41%” 597’ 11” 
SM- 6 20’ 11” 125’ 314” SM-30 20’ 3” 618’ 2” 
SM- 7 20’ 9” 146’ 0%” SM-31 20° 8%” 638'10%4” 
SM- 8 19’ 8” 165’ 84” SM-32 21’ 4%” 660’ 3” 
SM- 9 21’ 0” 186’ 814” SM-33 21’ 4%4” 681’ 714” 
SM-10 21’ 1” 207’ 914” SM-34 16° 2%” 697’ 10” 
SM-11 21’ 1%” 228'11” SM-35 20’ 1” 717’ 11” 
SM-12 21’ 1” 250’ 0” SM-36 19’ 8” a7 he" 
SM-13 20’ 91%4” 270’ 91%” SM-37 16’ 9” 754 4” 
SM-14 20’ 41%4” 291’ 2” SM-38 19’ 5” 773’ 9” 
SM-15 19’ 8%” $10' 10%” SM-39 21’ 5” 795’ 2” 
SM-16 21’ 7” 332’ 514” SM-40 20’ 5” 815’ 7” 
SM-17 20’ 5” 352’ 1014” SM-41 21’ 3%4” 836'10%” 
SM-18 21’ 6” 374’ 414” SM-42 20’ 91%4” 857’ 8” 
‘SM-19 20’ 0” 394’ 414” SM-43 20'10%” 878’ 6%” 
SM-20 20’ 3” 414’ 74” SM-44 20’ 1” 8938’ 714” 
SM-21 20’ 4” 434’ 1114” SM-45 20’ 3” 918° 1044” 
SM-22 18’ 10” 453’ 914” SM-46 21’ 5” 940’ 34” 
SM-23 20’ 11” 474’ 314” SM-47 20’ 11” 961’ 214” 
SM-24 24’ 1” 498’ 9”) SM-48 17’ 10” 979’ 04” 

aia Se" lr: C 
Test No. I 


Small Meters open Nos. 5, 10, 15, 20, 25, 30, 35, 40, and 45. 


Spacing between meters approximately 100 feet. 


Initial pressure 3.8 inches water column. 


Terminal pressure 2.9 inches water column, 


Pressure loss 0.9 inches water column. 


Flow measured during 30 minute period, 382 cu. ft., or calculated 
flow during one hour period, 764 cu. ft. 


Calculated flow through same length of pipe with same pressure 
loss under lower end to end condition, 503.522 cu. ft. 


(R) calculated with (n) as 9 (the number of services) equals 1.599. 


Actual (R) equals 1.5173. 


Specific gravity of gas 0.65. 
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AaE-RE the gas industry to canonize one individual who 
has, by his indefatigable zeal, his inventive genius 
and his unerring vision, done most to create and to 


popularize those articles of every day use through 


which gas has been made the universal fuel, i} 
would do well to award that honor to Mr. A. H. Humphrey. ¢ Heir 
to and defender of a gas tradition that he has passed on fo a 
succeeding generation, he has by his work been truly a public 
servant of the nation. At a time when the commercial lighting load 
represented half of the gas company s revenue, he it was, who, 
by the invention of the gas arc light, saved this important revenue 
trom loss to the electric industry, until such time as the gas com- 
panies themselves were ready to abandon it for other and more 
profitable outlets. 


The inverted type of gas arc lamp, presented to the industry 
in the face of the inevitable predictions of failure on all sides, is 


another tribute to his determination and confidence. 


This country s first radiant type heater, which he named his 
“Radianttire, was also presented to a world dark with the pre- 
dictions of skeptics. And its ultimate acceplance, more than any 
one thing, aroused the industry to the possibilities of gas heating. 
In later years, the uni type of gas-ired heater is still another mon- 


ument to a mind that never grows old. 


In many years of association with the gas industry and with 
manufacturers who are working for that industry, there has been 
no contact that has been a greater source of inspiration | than mine 

; 


with Mr. A. H. Humphrey, and with the leng thened shadow Oo} 


his name and personality, the General Gas Light Company. 
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IINTANDARD 


WILGUS 


MANUFACTURING CO. 
GAS PRESSURE 
REGULATORS 


The pioneer diaphragm type 
spring-loaded regulator with 
all moving parts floating on 
frictionless ball bearings, 
which has practically made 
obsolete the weight - loaded 
and other types of regulator 
for boiler service. 


Maintains the supply of gas 
required by steam consump- 
tion, automatically, without 
attention by plant operator. 


Built in all capacities, and for 
boiler pressures from 15 to 
800 pounds. 


WESTERN GAS 


. 
~~ - FRO ew a re 


ae Ae 


SUN MAID RAISIN GROWERS Plant No. 4 

showing installation of six N. G. E. Gas Burners Type A. The 

Wilgus Gas Fuel Regulator in the gas header with by-pass is shown 
at the lower right. 
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EQUIPMENT 


ALL THE WAY 
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e*> TO PROTECT FUTURE REVENUE! 


EEPING the natural gas custo- 
K mer satisfied over a period of 

years...meeting the competition 
of other fuels . . . increasing the load 
from present and new userfs...requires 
the delivery of maximum value from 
the fuel... which depends not only 
upon its inherent advantages, but up- 
on its efficient use in properly de- 
signed pressure control equipment 
and burners... 


Therefore, to protect both their own 
and their customers’ interests, the 
leading gas companies have not only 
maintained engineering specialists to 
co-operate in planning installations, 
but have assumed the responsibility 
for recommending equipment. 


Performance Surpassing 
Expectations 

More than two hundred large Pacific 
Coast plants have recently changed 
from other fuels to natural gas...after 
the most careful comparison of costs 
and advantages. In many cases prices 
of competing fuels were cut to meet 
the anticipated lower cost of natural 
gas service... 


Experience in practically every case 
has surpassed expectations... gas firing 
of one boiler as a test has been ex- 
tended) to whole plants... industries 
which were skeptical have been con- 
vinced by results obtained by their 
neighbors... 


Three types of equipment have made 
important contributions to success in 
the utilization of natural gas in out- 
standing Pacific Coast plants... the 


multiple jet type burners of the 
Webster Engineering Company; 
the mixing tube type burners of 
Natural Gas Equipment Inc.; and 
Wilgus Gas Fuel Regulators... 


Nationally Recognized 
Equipment Locally Distributed 


Now... to further improve service 
to Pacific Coast users of natural gas 
... the Western sales and distribu- 
tion facilities of the Surface Com- 
bustion and Webster Engineering 
Companies have been consolidated 
with those of the Wilgus Manufac- 
turing Company and Natural Gas 
Equipment Inc. 


Now...through one responsible and 


qualified local organization ... the 
equipment which has established its 
leadership in each field through 
years of successful operation, and 
the engineering, manufacturing, 
and research strength of all the 
associated companies is placed at 
the call of Western industries... 
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S.C. GAS FIRED INDUSTRIAL FURNACES 
BURNERS and APPLIANCES 


JANITROL and other CONVERSION 
BURNERS 


WEBSTER RADIANT GAS BURNERS 
N. G. E. GAS BURNERS 
WILGUS PRESSURE REGULATORS 
and VALVES 
ANUBIS DIFFERENTIAL PRESSURE 
RECORDERS 


NATURAL GAS 


1123 Harrison Street 


EQUIPMENT Inc. 


Petroleum Securities Building « Le Angeles 


4 San Francisco 


Eastern Distribution through all Branches of + + + + + SURFACE 
COMBUSTION COMPANY « « WEBSTER ENGINEERING COMPANY 


REQUEST YOUR COPY 
.. of these two handbooks of 
natural gas efficiency ...“Pion- 
eers in Gas Pressure Regula- 
tion’’ containing a wealth of 


data on pressure control... just 
off the press... and “21 Gas 
Burner Problems and their So- 
lutions’ already in big demand 
by the Western gas industry. 


Western Gas, September, 1930 
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Test No. 2 


Supplying through Master Meter No. 1. 

Master Meters Nos. 2 and 3 closed. 

Approximately 979 feet of pipe functioning. 

Small Meters open Nos. 1 to 48 inclusive. 

Spacing between meters averaged nearly 20 feet. 

Initial pressure 6.25 inches water column. 

Terminal pressure 5.00 inches water column. 

Pressure loss 1.25 inches water column. 

Flow measured during 30 minute period, 464 cu. ft., or calculated 
flow during one hour period, 928 cu. ft. 

Calculated flow per hour through same length of pipe with same 
pressure loss under lower end to end condition based on an 
actual “% hour measurement, 525 cu. ft. 

(R) calculated with (n) as 48 (the number of services) equals 
1.705. 

Actual (R) equals 1.7676. 

Specific gravity of gas 0.65. 


Test No. 3 


Supplying through Master Meter No. 3. 

Master Meters Nos. 1 and 2 closed. 

Gate at 500 foot point closed. 

486 feet of pipe functioning. 

Small Meters open Nos. 25 to 48 inclusive. 

Spacing between meters averaged 20 feet. 

Initial pressure 2.25 inches water column. 

Terminal pressure 1.1 inches water column. 

Pressure loss 1.15 inches water column. 

Flow measured during 30 minute period, 602 cu. ft., or calculated 
flow during one hour period, 1204 cu. ft. 

Calculated flow through same length of pipe with same pressure 
loss under lower end to end condition 782.713 cu. ft. 

(R) calculated with (n) as 24 (the number of services) equals 1.68. 

Actual (R) equals 1.5382. 

Specific gravity of gas 0.65. 


Test No. 4 


Supplying through Master Meter No. 1. 

Master Meters Nos. 2 and 3 closed. 

979 feet of pipe functioning. 

Smal) Meters open Nos. 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 
28 30, 32, 34, 36, 38, 40, 42, 44, 46, 48. 

Spacing between meters averaged 40 feet. 

Initial pressure 5.7 inches water column. 

Terminal pressure 4.6 inches water column. 

Pressure loss 1.1 inches water column. 

Flow measured during 15 minute period, 204 cu. ft., or calculated 
flow during one hour period, 816 cu. ft. 

Actual measured flow through same length of pipe with same 
pressure loss under lower end to end condition, 465 cu. ft. 

(R) calculated with (n) as 24 (the number of services) equals 1.68. 

Actual (R) equals 1.755. 

Specific gravity of gas 0.65. 

S.M. No. Cu. Ft. per Hr. Press. S.M. No. Cu. Ft. per Hr. Press. 


6 26 27.95 4.75 


2 31.56 5 

4 31.76 5.45 28 37.06 4.7 

6 31.95 5.3 30 27.35 4.65 

8 30.26 §.2 32 29.75 4.65 
10 100.26 5.1 34 26.56 4.65 
12 37.75 5.05 36 36.25 4.6 
14 23.85 5.00 38 26.95 4.6 
16 23.91 4.0 40 29.51 4.6 
18 29.50 4.85 42 29.76 4.6 
20 29.75 4.8 44 24.55 4.6 
22 29.50 4.8 46 27.56 4.6 
24 31.66 4.75 48 $7.03 4.6 


Comments 


In commenting on the preceding tests it must be kept in mind 
that distributor discharges vary under low pressure as the square 
roots of the differences between initial and final pressures, or, in 
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other words, as the square roots of the pressure losses, providing 
that if a distributor discharge is increased or diminished the in- 
crease or decrease be proportionately divided among the services. 
For example, an Imperfect Distributor of 2-inch diameter pipe, 
100 feet long, has three services spaced 25, 55, and 20 feet apart, 
discharging gas respectively at rates of 50, 60 and 30 cu. ft. per 
hr. The total pressure loss under low pressure is 0.00395 inches 
water column. The total discharge is 140 cu. ft. Let the load be 
increased to 190 cu. ft. per hr., and be proportionately divided 
among the services. ‘Then, according to the above statement: 


Q JH 
= cs 

Q V Hi; 

140 (0.00595) 

190 H, 


from which H: = 0.00727 inches water column. 

This value of H: is also found from calculating an Imperfect 
Distributor as above, with the service discharges increased propor- 
tionately to (67.85714), (81.42857), and (40.71429) cu. ft. per hr. 
respectively. 

Therefore, in Test No. 1, 503.522 cu. ft. per hr. (the quantity 
under lower end to and condition) multiplied by the calculated 
value of (R), (1.599), would give a Distributor quantity of 805.13 
cu. ft. per hr., and if the increase be proportionately divided 
among the services the pressure loss would be 0.9995 inches water 
column. The actual pressure loss with the quantity 764 cu. ft. per 
hr. is 0.9 inches water column. Hence there is a discrepancy of 
only 0.0995 inches water column. 

In Test No. 2, if 525 cu. ft. per hr. (the quantity under lower 
end to end condition) be multiplied by the calculated value of 
(R), (1.705), the Distributor quantity would be 895.125 cu. ft. 
per hr. and if the decrease be proportionately divided among the 
services, the pressure loss would be 1.1630 inches water column. 
The actual pressure loss with the quantity 928 cu. ft. per hr. is 
1.25 inches water column. Hence there is a discrepancy of only 
0.0870 inches water column. 

In Test No. 3, if 782.713 cu. ft. per hr. (the quantity under 
lower end to end condition) be multiplied by the calculated value 
of (R), (1.68), the Distributor quantity would be 1314.96 cu. ft. 
per hr.; and if the increase be proportionately divided among the 
services, the pressure loss would be 1.3717 inches water column. 
The actual pressure loss with the quantity 1204 cu. ft. per hr. is 
1.15 inches water column. Hence there is a discrepancy of only 
0.2217 inches water column. 

In Test No. 4, if 465 cu. ft. per hr. (the quantity under lower 
end to end condition) be multiplied by the calculated value of (R), 
(1.68), the Distributor quantity would be 781.2 cu. ft. per hr.; 
and if the decrease be proportionately divided among the services, 
the pressure loss would be 1.008 inches water column. The actual 
pressure loss with the quantity 816 cu. ft. per hr. is 1.1 inches 
water column. Hence there is a discrepancy of only 0.092 inches 
water column. 

Forty-five tests were run in the performance of this experiment, 
the four herein included being selected as representative. 

At the time the experiment was made the investigators were 
endeavoring to prove one assumption, to wit, that a main receiving 
gas at one end and discharging it through services connected at 
intervals along its length will discharge gas at a substantially 
higher rate than a similar main receiving gas at one end and 
discharging it at the other. This was proved to be a fact. 

Had the mathematics applying to a Perfect Distributor been 
known at that time, an effort would have been made to introduce 
certain refinements, such as the use of test meters, manometers 
reading in hundredths of an inch, calibrated pipe, etc. It is 
firmly believed that under such conditions values of (R) would 
have been found to coincide. ‘That is, the value in a specific case 
found from actual discharges would have equaled or very nearly 
equaled the value found from formula (11). 

However, even under the present circumstances, the discrep- 
ancies in (R) values are not of great moment when consideration 
is given to the slight differences in pressure loss caused thereby. 
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INTRODUCED NATURAL GAS WITHIN THE LAST YEAR 
CREATING A FIELD FOR THOUSANDS OF POTENTIAL 
CUSTOMERS FOR GAS HEATERS ... ARE YOU PRE- 
PARED TO OFFER THESE PROSPECTS A GAS HEATER 
THAT ASSURES A MAXIMUM OF COMFORT—SAFETY 
AND SERVICE? 


An attractive appearing, Radio size Cabinet Heater that requires a 
very small space—the following features will make it a ready seller. 


The welded tight construction prevents any combus- 
tion products escaping into the room. 


Built-in diverter vent connections prevent flame 
being extinguished from down drafts. 


* Chimney obstructions cannot smoiher flame—safety 
lock prevents accidental turning on of valve. .. . 


Operating principles circulating large volume of warm, healthtul air 


(not hot devitalized air) heating a room evenly ... another added 
feature of the Spark heater is CONDUCTION—adding efhciency 
and speed of circulation—also the heat trom the burner impinges on 
the side wall instead of travelling parallel to the walls giving quicke1 
action and greater efhciency. 

Rust-resisting, copper-bearing steel and porcelain Armco iron 
struction makes the Spark an exceedingly durable heater. 


Anticipation of quantity production has created an extremely Icw 


price, 


MANUFACTURED BY 


Hammor-DrayCo. 
Oakland Catliforuia 


Los Angeles, 7000 Avalon Boulevard 
San Francisco, 180 New Montgomery 
Portland, 330 Union Avenue No. 
Seattle, 1016 Ist Avenue South 
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Field Service and Maintenance of Orifice Meters 


HE important part played by the orifice 
meter in industry is well known, both 
in the measurement of volumes and 
the control and proportioning of processes. 
Engineers plan operations and work out ef- 
ficiency programs by the use and study of 
orifice meter charts. There is scarcely an 
industry that does not find some use for 


these instruments and their continuous 
graphic record of actual operation and 
conditions. 


To us who are concerned with the differ- 
ent phases of measurement in the great nat- 
ural gas and gasoline industries, orifice meter 
charts have an even greater significance. To 
us they are not only the indicators of possi- 
ble efhciencies, and the histories of past op- 
erations in plant and field; they go further 
than that; they are actually the bills-pay- 
able and the bills-receivable of our business, 
by which we buy and sell and through 


By D. A. STocKs 
Richfield Oil Company* 


which we show profit or discover loss. 

Lease and royalty holders must be paid 
for gas produced at the well. At the ab- 
sorption plant, treatment is based upon an 
exact and proper ratio between volume and 
process, which is in turn dependent upon a 
definite up-to-the-minute knowledge of in- 
coming rates. Finally the treated gas is 
sold to the wholesale and retail distributors 
of natural gas. Throughout this whole cycle 
of purchase, treatment, and sale, measure- 
ment by orifice meters is the factor that 
makes possible intelligent handling, distri- 
bution and settlement. 

In view, then, of the many different in- 


Committee Membership Completed 


RESIDENT B. G. WILLIAMS and 

Southern California Meter Association 

committee chairmen announce the fol- 
lowing personnel for regular committees, to 
serve during the present Association year: 


Program Committee 


P. W. Hill, General Petroleum Corp., Chair- 
man. 

M. L. Arnold, Richfield Oil Co. 

F. J. Stephens, Gilmore Oil Co. 

Limon Shields, Union Oil Co. 

Ralph Cook, Southern California Gas Co. 

M. J. Cereghino, Los Angeles Gas and 
Electric Corp. 

J. R. McLaughlin, Southern Counties Gas 
Co. 

Otto Goldkamp, San Diego Consolidated Gas 
& Electric Co. 


Publication Committee 

Edgar Wilde, 
Chairman. 

George H. Finley, Western Gas. 
Gurney B. Reece, Southern Counties Gas Co. 
W. A. Holzgraf, Gilmore Oil Co. 
D. A. Stocks, Richfield Oil Co. 
B. M. Laulhere, Southern California Gas Co. 
G. S. Duncan, General Petroleum Corp. 


Southern Counties Gas Co., 


Membership Committee 
F. E. Bradley, Chanslor-Canfield Midway 


Oil Co., Chairman. 

F. A. Miller, Southern Counties Gas Co. 

R. W. Hunting, Richfield Oil Co. 

Malcolm Miller, Southern Counties Gas Co. 

R. N. Brown, Union Oil Co. 

L. V. Conley, Texas Company. 

Vic Lobbins, Los Angeles Gas and Electric 
Corp. 

Jacob Farner, U. S. Refining Co. 

M. Levering, Southern California Gas Co. 

C. O. Libbey, Getty Oil Co. 

E. C. Spencer, Norwalk Co. 

H. V. Powell, Ventura Fuel Co. 


Gordon Greene, Associated Oil Co. 
J. B. Mosher, City of Long Beach, Gas Dept. 
J. C. Groenwegen, Shell Oil Co. 


By-Laws Committee 


W. Shellshear, Gilmore Gasoline Co., Chair- 
man. 


B. M. Hennessey, West Coast Refining Co.. 


H. K. Crawford, Richfield Oil Co. 

M. K. Mcllvaine, Chanslor-Canfield Midway 
Oil Co. 

A. E. Madden, Southern Counties Gas Co. 

O. R. C. Grow, Southern Counties Gas Co. 

W. F. Crane, Getty Oil Co. 


Entertainment Committee 
T. G. McAlister, Texas Company, Chair- 
man. 
G. H. Unkefer, Westcott & Greis, Inc. 
L. Lombard, Richfield Oil Co. 
W. Davis, Pittsburgh Equitable Meter Co. 


Standards Committee 


W. L. Cowan, Union Oil Co., Chairman. 

H. M. Crawford, Los Angeles Gas and Elec- 
tric Corp. 

T. T. Gill, Union Oil Co. 

M. W. Adcock, Union Oil Co. 

Edgar Valby, Richfield Oil Co. 

H. M. Dwight, Southern California Gas Co. 

L. A. Dolton, Gilmore Oil Co. 

T. K. M. Smith, Industrial Fuel Supply Co. 

J. A. Swindle, General Petroleum Corp. 

Gordon Buchanan, Union Oil Co. 


Gadget Committee 


E. Lorenz, Southern Calif. Gas Co., Chairman 

A. O. Gragg, Union Oil Co. 

H. S. Elayer, Richfield Oil Co. 

E. D. Knettles, Chanslor-Canfield Midway 
Oil Co. 

J. R. Milton, Texas Company. 

W. W. Bostrom, General Petroleum Corp. 

Lester Jakowsky, General Petroleum Corp. 

R. E. Cakebread, Union Oil Co. 


terests involved, it is of vital importance 
that these instruments be kept at all times 
in such condition, that calculations based up- 
on the charts taken from them, will be ac- 
cepted without question by all parties con- 
cerned. 

With this increasing dependence upon ac- 
curate measurement in industrial life; the 
maintenance and service of orifice meters 
becomes an activity of paramount import- 
ance, and the meterman can look upon his 
work as one that ranks high in the realms of 
usefulness. It is my purpose in this paper to 
review some of the main duties and repson- 
sibilities of the meterman, together with some 
of the possibilities connected with the job: 

The general duties of a meterman can be 
outlined as follows: 

Changing charts; overhauling and calibra- 
tion; installation; service and maintenance, 
including periodic checking, trouble shoot- 
ing; joint calibration with representatives of 
other interests; other necessary duties not ac- 
tually upon the orifice meter. 


CHART CHANGING 


Changing charts should never be looked 
upon as a minor activity. On the contrary 
it is one of the most important duties con- 
nected with measurement. The accuracy 
that may be in the meter is of no use if 
the chart from it has been rendered illegi- 
ble by careless handling. Further, the chart 
changer is in daily touch with the meter 
and its surroudings, and by close observation 
he will be able to detect any irregularities 
that might occur in the flow or pressure, or 
in the action of the meter. These should be 
noted on the chart so the information may 
be relayed to the meterman, and corrections 
or repairs made. 

The chart should be removed carefully 
and the excess ink blotted up; the clock 
should not be wound too tightly, as this 
may cause it to stop after the chartman has 
left. After putting on the fresh chart, he 
should be sure that neither pen is being 
pressed down by the pen lifter; that the 
pens are marking, and that the chart hub is 
tight. Before leaving, if the drips have been 
catching considerable condensate, he should 
blow them, and if the meter is an important 
one and the flow subject to sudden changes, 
as in a plant intake, he should check it to 
zero each day. 


OVERHAULING AND CALIBRATING 


As a meter should be put into service 
only when in first class condition, the first 
duty of the meterman in service and main- 
tenance, is the overhauling and calibrating 
of instruments to be installed. 

Assuming that the meter is not a new one, 
but has been in use elsewhere, the first thing 
to do is take it apart for a thorough clean- 
ing and inspection. An easy way to do this 
is to drop each part as it is disconnected, 
into a can of kerosene, where the grease and 
dirt will be loosened up. After all parts 
have been disconnected, place them in a can 


* Presented before the Southern California Meter A> 


sociation, July 24, 1930. 
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Attend 
Pacific Coast Gas 
Association Convention 
September 9, 10, 11, 12 
at the 


HUNTINGTON HOTEL 


Pasadena, California 


HE convention committee has 
prepared a program of work 
and play that will stimulate conven- 
tion guests. From golf tournament 
and beach carnival to banquets and 
balls, the days and nights will see 


every variety of gaiety. 


Hepes lawns of the hotel, the 
sparkling swimming pool, wide 
verandahs and cool lobbies, tennis 
courts and nearby golf courses in- 
vite conventionites to make new 
friendships, renew old ones. Special 


sight-seeing jaunts. 


Low convention rates 


The 


Gardens are 


Japanese 


abloom in the 


sunshine. 
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and hunt up a steam line. Particularly, see 
that the steam goes through the U-bend, as 
dirt very often follows the mercury down as 
the meter is being drained. This treat- 
ment will usually leave every part clean and 
dry and ready for inspection. 

Before reassembly each individual part 
should be carefully looked over and its fit- 
ness or unfitness for further use decided. 
Any moving part that is at all worn should 
be discarded, as either excessive play or a 
tendency to bind will cause inaccuracy in a 
meter. 

The meter should now be reassembled, us- 
ing cleaned or replaced parts, and being 
careful to see that each part is firmly at- 
tached in its proper place. Gaskets should 
not be used again if they are stretched or 
broken. New packing should be put in the 
the differential shaft stuffing box, if the me- 
ter is of a type that uses packing in this 
place. Moving parts,”especially those con- 
necting through the float to the differential 
pen, should be touched with a drop of graph- 
ite and oil. When this has been done, the 
meter should be fitted with a proper by- 
pass arrangement, and the whole tested for 
leaks. A test gage may be attached to one 
side of the meter, and pressure, beyond any 
the meter is likely to experience in the field, 
introduced. Leaks can be found easily with 
the aid of a small paint brush and a can 
of soap suds, and should be located and 
stopped until the hand on the test gage re- 
mains stationary, with the pressure shut in. 


The meter is calibrated against a water 
column, graduated in inches of water cor- 
responding to the differential scale on the 
meter chart. The differential should be 
checked in 10 places up the scale and the 
same number down. Where the differential 
does not check with the water column, cor- 
rection is made by adjusting the effective 
length of the float lever arm. In some me- 
ters, correct calibration depends on having a 
certain level of mercury to start with. Until 
the proper level for the meter being cali- 
brated has been found, adjustment of the 
float arm should not be attempted. Trial 
and adjustment should be continued until 
the differential checks correctly to within 
whatever limits have been decided upon as 
sufficient. Generally speaking, we would 
say that a meter should never be marked 
O. K. if the volume resulting from an error 
in calibration is more than 1 per cent. The 
chart showing the final calibration test 
should be turned into the office, with the 
date and the description of the meter writ- 
ten on it. Before the meter is considered 
ready for duty, it should be painted, as this 


Varied Program 


S Western Gas’ September issue goes 
to press, program announcement for 
the Southern California Meter As- 

sociation meeting of August 28 indicates an 
unusually interesting evening in store for 
nembers. The dinner meeting was to be 
held at the Breakers Hotel, Long Beach. 

Designated at “data sheet meeting,” the 
August session was to include a _ general 
discussion of data sheet material, with the 
purpose of securing information to be devel- 
oped for future data sheet use. 

P. W. Hill, program ‘committee chairman. 
announced two papers for the August ses- 
sion: “Pulsating Gas Flow,” by L. F. 


Scheel, Union Oil Company of California: 
and “The Meterman’s Equipment,” by J. A. 


can be done much better in the shop, where 
dust, wind and fog do not have to be con- 
tended with. 


INSTALLATION 


In installing a meter, the meterman, by 
close observation of the preliminary work ot 
others and the careful performance of his 
own part, can save a lot of work, doubt, 
and trouble, later. First he should thor- 
oughly inspect the meter run. Pipe on either 
side of the orifice fitting should be of stand- 
ard size, smooth inside and free from bends, 
bulges or crushed spots. If. provision has 
been made for line connections, he should 
measure the distance between orifice and 
connections. If collars have been welded to 
the line to provide connections for the meter 
lines, he should see that holes have been 
drilled cleanly, with no metal sticking down 
into the line where the flow will be, as any- 
thing that might cause a disturbance in the 
flow is liable to cause inaccurate measure- 
ment later. If there is an orifice plate al- 
ready in the fitting it should be removed 
and thoroughly examined for rusted or pitted 
edges, and its exact size determined. by care- 
ful measurement. In returning the plate to 
the fitting, it is important that the orifice be 
left in the exact center of the line, and that 
there be no leaks around the edges of the 
plate or from the fitting at any place. 


If the condition of the meter run is satis- 
factory, the meterman may proceed with the 
selection of a site for the meter. His choice 
is often limited, as the usual practice is to 
weld a collar to the line for the meter sup- 
port, or to use a saddle clamp: often the gang 
laying the meter run, pours a concrete pad 
around a short length of pipe; this makes 
a very good stand, as it is less likely to be 
affected by vibration. The meterman, how- 
ever, can decide the best way to face the 
meter and what height to set it. If possible 
the meter should be faced so its differen- 
tial and static pen arms are visible from 
the nearest line valve that might be used for 
regulating the flow. If operators can see 
what the meter is doing while changing 
rates, there is a good deal less likelihood of 
these changes upsetting the record or dam- 
aging the meter. The height should be such 
that if it be necessary later to work on the 
meter, all parts can be easily seen and 
worked on by a meterman standing on the 
ground. Pipe used to connect the meter 
should be clean and free of scale. In lead- 
ing the pipe from line to meter it is well, 
where possible, to bend it and save fittings, 
as every fitting means an additional possi- 


for August 28 


Swindle, General Petroleum Corporation. 
It was planned to prepare motion picture 
illustration of the latter paper. 


E. Lorenz, chairman of the Association’s 
“Gadgets” committee, was also to outline 
plans for concluding the current gadget 


contest, at the August 28 meeting. 


At 9:00 p. m. the meeting was to adjourn 
to the “Joker” Golf Course No. 1, North 
Long Beach, a miniature golf course owned 
by J. A. Campbell, $.C.M.A. member. The 
entertainment committee, of which T. G. 
McAlister is chairman, had arranged a 
“Pee Wee” tournament with green fees com- 
plimentary to those attending the meeting, 
through the courtesy of Mr. Campbell. 
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bility of a leak. Inserting a flange-type lip 
union in the length of pipe upon which the 
meter rests will prove a great help in lev- 
eling the meter. After all connections have 
been made the whole set-up should be tested 
for leaks. If there is pressure present in the 
line, it can be introduced into the meter 
lines, and then the line valves shut off, the 
static pen being observed for loss of pres- 
sure. 


If no pressure is in the line, an automo- 
bile pump makes a very good subtstitute. <A 
satisfactory connection can be made for this 
by soldering a shraeder valve in a %-inch 
nipple. 


METER CHECKING 


In service a meter should be checked at 
least twice a month. Following is a step by 
step outline of the checking operation: 

. Be sure chart is centered. 

. Ascertain if bleeder valve is closed. 

. Open equalizing valves. 

. Close one %-inch line valve next to 
meter manifold. Differential should re- 
turn to zero. 

5. Close other %-inch line valve. 

6. Close equalizing valves. If different- 
tial starts up, there is a leak on the low 
side. If it goes down the high side 
leaks. 

. Open equalizing valves. 

. Open %-inch gage line valves. 

. Attach test gage or mercury column to 
bleeder valve. Use mercury column for 
pressures below 5 pounds. 

10. Open bleeder valve and check test gage 

or mercury column reading against 

pressure indicated by the meter. Always 
check pressure elements, and differen- 
tial to zero at working pressure. 

Close equalizing valves. 

Make notation on chart that meter was 

checked. Note results of check and ini- 

tial the note. 


Pen arms should be of proper length, so 
that they will follow the arc of the chart. 
In checking a meter that is bushed the diff- 
erential pen should be allowed sufficient 
time to return to zero. Drip pots should 
always be blown. The mercury in all me- 
ters should be inspected periodically and 
cleaned if necessary. Straining the mercury 
through a chamois skin will remove all dirt 
and grit. 


Meters continuously in the field should be 
checked with the water column three or four 
times a year. This is a good time to re- 
paint them if their condition seems to war- 
rant it. All regulators and controllers that 
are situated so as to affect measurement 
should be kept in first class working condi- 
tion at all times. As the meterman is 
usually responsible also for all indicating 
gages on his route, he would do well to see 
that they always indicate the correct pres- 
sure. Very often an operator will look with 
suspicion on a meter if it does not check 
with the indicating gage in his plant or field. 

In checking steam or liquid meters where 
a liquid seal is used, a slightly different pro- 
cedure is followed than in ordinary meters. 

Following are the necessary steps to be 
taken: 


wh 


ie | 


11. 
12. 


1. Be sure no air or vapor is trapped in 
gage lines. 

2. Close gage line valves at meter mani- 
fold. 

3. Open equalizing valves on meter and 
reservoirs. Differential should return to 
zero. 

4. Attach test gage to bleeder valve and 
check pressure, always allowing for 
pressure caused by liquid head. It is a 
good idea to keep the liquid height 
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GAS RANGES 


The Speed of Gas As 
a Cooking Fuel Reaches 
Its Maximum in the 


1930 Wedgewood 
ooog 
The speed of GAS as a cooking 
fuel should be stressed at all 
times by gas stove sales people. 


No other fuel will cook with the 
speed of gas. With medern 


gas cooking equipment this re- 
sult is realized to the utmost, as 
in the Wedgewood line where 
you have an outstanding ex- 
ample of this superior perform- 
ance with NATURAL GAS OR 
MANUFACTURED GAS..... 


THE NEW WEDGEWOOD “SIX” 


De Luxe—Two Ovens 


Have Your Friends 
“Listen to the Wedge- 
> wood Cooking School 
of the Air. 


By ANN HOLDEN—Every [Tuesday morning at 
11:10 o'clock. Thousands are securing won- 


derful cooking helps from these recipes. 


Green and_ ivory porcelain 
enamel, or gray and _ white. 
: With stainless, rust-proof enam- 
| eled cooking top, enameled 
oven linings, two ovens. two 
Rutz lighters and oven heat con- 
trol. Flush front and concealed 
manifold. 


“i 


Roasting Oven 20x20x14 
Baking Oven 16x20x14 ————E— 
Cooking Top 281%4x22% 


Quality-Service JAMES GRAHAM MFG. CO. A Wedgewood 


| 4 LARGEST STOVE MANUFACTURERS ‘'N THE WEST For Every 
Since 1882 GAS RANGES - COMBINATION RANGES - RESTAURANT RANGES 
GAS PLATES - WATER HEATERS - ROOM HEATERS Purse 
San Francisco Los Angeles Newark, Calif. 


OVER A MILLION WEDGEWOOQOQD RANGES IN USE! 


¥ 
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posted on the glass of the meter door, 
as this greatly facilitates checking. 


5. Close bleeder valves and equalizing 
valves and open main gage line valves. 


If a meter is being used as a differential 
controller, it is checked in the same manner 
as one used for measurement only, except 
that before opening the equalizing valve, 
the by-pass around the controlled valve must 
be set to hold the same approximate dif- 
ferential, and the controlling medium to the 
controlled valve shut off; otherwise, as the 
differential returns to zero, the controlling 
mechanism will endeavor to bring it back 
to the indexed setting, resulting in seriously 
disturbed operation. 

In well crganized metering systems, it is 
usually possible to compare the volumes 
shown by certain groups of meters against 
master or check meters, such as plant in- 
take meters against the field meters or a 
sales meter may be checking the plant dis- 
charge or the dry gas to the field, or other 
similar combinations. Sometimes  discrep- 
ancies appear between totals that should 
equal each other and the chart reader is 
unable to make the different volumes bal- 
ance. When this happens it is the meter- 
man’s duty to find the trouble and this is 
often a difhcult thing to do. 


“TROUBLE SHOOTING” 


First of all he can learn much by asking 
the chart reader who is familiar with the 
appearance of the particular charts involved, 
and finding out when the difference first 
appeared and if the appearance was sudden 
or gradual over several days. A _ sudden 
change would point to a possible accident to 
meter or lines, while a gradual change would 
more likely be the result of condensate or 
slowly developing leaks, etc. 

Next he should put down in his note 
book the office data pertaining to any meters 
which the condition of the charts might lead 
him to suspect, including size of line and 
orifice, differential and pressure range of 
meter, type of connections and temperature 
last taken. If upon checking this informa- 
tion he finds it to be wrong, he will prob- 
ably have found the source of the trouble; 
if not, he must continue the search. The 
first things is to see that no one has switched 
any main line valves without notifying the 
office: next he should check down all meters, 
blow main line drips, and check up on any 
pulsation or vibration in the line that might 
cause the error. In endeavoring to solve a 
problem of this kind, the meterman should 
overlook no peculiar condition or circum- 
stance, no matter how unimportant it may 
appear, as large errors may result from 
seemingly trivial occurrences. A _ frequent 
cause of trouble is the changing of orifice 
plates or other significant »arts without prop- 
erly notifying the ofhce, so that coefhcients 
can be brought up to date. 

One of the important duties of the meter- 
man is the calibration and testing of meters, 
in conjunction with others who may have 
joint interests in certain meters. Procedure 
in checking is no different; but the meterman 
should consider that here he is the trusted 
representative of his company, and that on 
him, to a large extent, depends the good-will 
that should exist between his own and 
similar departments in other companies. 

A give-and-take spirit of fairness should 
prevail, remembering that it is neither profit- 
able nor dignified to haggle over small, un- 
important points; but where he finds some- 
thing which he is sure is contrary to the 
best interests of his own company, he should 
courteously but firmly insist on correction 
being made. 


In closing I would say that in my 
opinion a meterman who faithfully performs 
the duties assigned to him, who studies his 
work and everything connected with it, will 


~ — — - _ — — 


A. G. A. Hears 12 


OUNDING out 12 - 
years of service to the 
industry, the Ameri- 
can Gas Association will 
meet at Atlantic City, N. J., 
October 13 to 17, convening 
in the Municipal Audito- 
rium and Convention Hall, 
this being the third consecu- 
tive session to be held in the 
“convention city.” 
Advance plans indicate 
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find his position one that is both useful and 
pleasant, and one in which he can take pride 
as requiring both skill and knowledge of a 
high order. 


th Convention Call 


perintendent of the gas de- 
partment of the Public Serv- 
ice Company of Colorado, 
Denver, will present a paper 
on “The Substitution of Nat- 
ural Gas for Manufactured 
Gas in Public Utility Opera- 
tions.” Following this it is 
planned that a paper will be 
presented, dealing with tech- 
nical problems involved in 
the introduction of natural 


that the program will be of 
its usual high caliber, fea- 
turing outstanding phases of 
the industry’s development 
during the past year. Nat- 


I2T’T ANNUAL 
CONVENTION 
€é EXHIBITION 


ATLANTIC CiTy 


as 0CT.13717,1930 Zo 


gas on the Pacific Coast. 

The Commercial Section 
will supply two papers of 
special interest to the nat- 
ural gas industry—one on 


ural gas will enter promi- 


“Economics of the Conver- 


(WvisttT OUR EXHIBIT ) 


sion Burner,” and one on 


nently into the deliberations, 
and addresses relating par- 
ticularly to that subject will 
be timed so that they will not be in conflict 
with each other. 

Time of the meeting of the Technical and 
Research Committee has been set for 10 a.m., 
Monday, October 13. This will be followed 
by a meeting of the Managing Committee at 
noon, and at 2 o’clock the same day, the 
Natural Gas Department will convene. 

At 10 a.m. Monday, the Accounting Sec- 
tion will hold an open meeting for the in- 
formal discussion of machine systems for 
general ofhce accounting. The equipment de- 
scribed in the reports will be exhibited dur- 
ing the convention. A paper will be pre- 
sented on the accounting problems peculiar 
to the natural gas industry, dealing particu- 
larly with those problems which arise from 
changing from manufactured to natural or 
mixed gas. 

At a session of the Technical Section on 
Tuesday, October 14, George Wehrle, su- 


“Developing Natural Gas 

Sales.” A paper will also be 
presented on “Problems of Sales and Serv- 
ice, Encountered in Changeover from Manu- 
factured to Natural Gas.” 

The Publicity and Advertising Section will 
feature a talk on “Advertising for Natural 
Gas Development.” 

Plans for the exhibit are going forward, 
and indications are that about 250 manufac- 
turers will avail themselves of the opportu- 
nity to demonstrate their products. C. W. 
Berghorn, secretary of the Manufacturers 
Section, is directing the exhibits. 

As in the past, the entertainment program 
is being planned to include special features, 
among which are three dances, with music 
by B. A. Rolfe and his orchestra, golf at 
the Sea View Golf Club, and numerous 
events for visiting ladies. 

Special reduced railroad fares are being 
arranged for the benefit of Association dele- 
gates. 


MISSISSIPPI RIVER FUEL CORP. 
MOVES HEADQUARTERS 

The Mississippi River Fuel Corp., oper- 
ating the natural gas line from the Monroe 
held in Louisiana to St. Louis and points 
enroute, has moved its headquarters to the 
Continental Life Building, 3615 Olive St., 
St. Louis, Mo. 


— - —————— 


| 1930 Calendar 

| Pacific Coast Gas Association— | 
37th Annual Convention, Huntington | 

| Hotel, Pasadena, California, Septem- 

| ber 9-12, 1930. 

Southern California Meter Associa- | 
tion—Los Angeles, California, Sep- | 
tember 25, 1930. 

19th Annual Safety Congress—Fort | 
Pitt and William Penn Hotels, Pitts- | 
burgh, Pa., September 29-October 4, 
1930. 

International Petroleum Exposition | 
and Congress—Tulsa, Okla., October 
4-11, 1930. 

American Gas Association — 12th 

| Annual Convention, Municipal Audi- | 
| torium, Atlantic City, N. J., October | 
| 13-17, 1930. 


AND UTILITIES CoO. 
BUILDING 100-MILE LINE 


The Colorado Gas and Utilities Com- 
pany, headquartered at Lamar, Colo., has 
begun construction of a transmission pipe 
line from the Stevens County area to serve 
towns in southwestern Kansas and east- 
ern Colorado. Franchises have been grant- 
ed to A. J. Hardendorf, president of the 
company, at Lamar, Springfield, Wiley, 
Granada, Bristol, Holly, Walsh, and Vil- 
las, Colo., and in Syracuse, Johnson and 
Manter, Kan. 


COLORADO GAS 


The line will be of 8- and 6-inch pipe 
and will be about 100 miles long. 


SURVEY ON ARIZONA LINE IS 
COMPLETED TO DOUGLAS 


Survey for the Western Gas Company’s 
line into Arizona from New Mexico fields 
has been completed as far as Douglas, Ari- 
ona, and this survey route would take the 
line to Las Cruces, Deming, Lordsburg, Ro- 
deo, and Douglas. According to news dis- 
patches from the Arizona press, other sur- 
veys will be run from Lordsburg to Clifton 
and Morenci, and from Douglas to Bisbee. 
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New Features Distinguish This New 


Electric Lever Type Gas Valve 
by Time-O-S81TAT 


EVELOPED by Time-O-Strart, this new electric lever type ) 


gas valve is setting new standards. Its advanced design and | 
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smooth, dependable operation make it the ideal valve for space 


heaters, unit heaters and conversion burners. 


The No. 606 Series °4-INcu GaAs VALVE includes such features as a 
manual control for valve operation during power failure— 
top and bottom guides of plunger for positive gas tight 
seating—inverted seat which prevents clogging —trans- 


former with low voltage medels for easy installation. 


This valve and the No. 503 Thermostat, with the proven 


snap action principle, make a complete, dependable and 


Psa ee wan - > * 


attractively priced control set. Both are engineered for 


long, trouble-free service. Write for detailed information. 


IME-O-8STA 


CONTROLS COMPANY 


BRANCH OFFICES 
NEW YORK 


EXCLUSIVE DISTR!SUTORS 
IN ALL PRINCIPAL CITIES 


BOSTON OF THE UNITED STATES 
CHICAGO C L K H A R ‘i F N D | A N A CANADIAN DISTRIBUTOR: | 
EXPORT DEPARTMENT TORONTO AND MONTREAL 
NEW YORK , t 


Manufacturers of Automatic Controls for Oil Burners, Gas Burners, Coal Burners, Electrical Refrigerators, Furnace Fans, Mechanical 
Stokers, Industrial Ovens, Ice Machines, Unit Heaters, also of Sign Flashers, Mercury Switches, Electric Heaters, Corrugated Metal Bellows 
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Valve made 
of bronze 
with ali 
brass work- 
ing parts 
—a precis- 
ion instru- 
ment in ev- 
ery respect. 


‘LOWER 
GAS SILLS 


PROMPT and satisfactory an- 
A swer to complaints of high gas 
bills is the recommendation that 
,ARBER Gas Pressure Regulators 
be installed on all gas appliances 
used in the home. These high 
grade, unusually dependable regu- 
lators, which can be sold installed 
at a very moderate price, prevent 
waste of gas where pressures are 
too high for good combustion. Ev- 
ery appliance you sell should be 
equipped with a BARBER Gas 
Pressure Regulator. Write for the 
whole story. 


THE BARBER GAS BURNER CO. 


3702-04 Superior Ave. 
Cleveland, Ohio 


Montana - Dakota 
Line Progress 


ITH THE approach of Fall, the 

Montana-Dakota Power Company is 

winding up its program of line 
construction from Montana sources to North 
Dakota consumption areas. 

As the accompanying views _ illustrate, 
some unusual line construction features have 
been encountered on the two principal car- 
riers, 

The Glendive-Williston line, recently 
completed, crosses the Yellowstone River 
twice and the Missouri River once. Both 
crossings on the Yellowstone River are 
made on the Great Northern and Northera 
Pacific railroad bridges, attached to the 
lower chord of the span on brackets. One 
crossing is made on a drawbridge, which 
is used by the railroad company for emer- 
gencies only. Arrangements have _ been 
made to break the pipe line at each end 
of the drawbridge span, should this ever 
become necessary. Dresser long sleeve 
couplings are used for thts purpose. The 
line which crosses all bridges is 8-inch, en- 
cased in 1234-inch, and is mounted on 
rollers. Expansion and _ contraction is 
taken care of by double swing joints at 
one end of the bridge. 


The beds of the Little Missouri and Yel- 
lowstone Rivers are made up of quicksand, 
and further complication was encountered 
due to the ice gorges which occur in the 
northern regions in the Spring. ‘Tempera- 
tures as low as 40 degrees below zero were 
encountered during construction. 
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ENJOYING 


Continually increasing sales for 
which, credit is given to the com- 
bination of aggressive selling, con- 
sistent advertising, satisfying serv- 
ice and dealer cooperation. 
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North 


section of the 
CENTER: Pipe line 
construction crew at work on a section of 
the line which traverses the “Bad Lands.” 
LOWER: Detail of the brackets on which 
the pipe line is carried across the Yellow- 


stone River on a railroad bridge. 


UPPER: Typical 
Dakota “Bad Lands.’ 


The line from Cabin Creek to Bismarck 
is being pushed to completion. The first 
30 miles of this line run through the Da- 
kota “Bad Lands,” former battle ground for 
skirmishes between the Indians and U. S&S. 
troops. 

A compressor station is being built at 
Cabin Creek using three gas compressors, 
which in turn will be reinforced by another 
station at Baker, Mont., which is equipped 
with five compressors. The Cabin Creek 
Station will be equipped with Ingersoll- 
Rand compressors, while the Baker Station 
is equipped with Cooper-Bessemer com- 


pressors. 


WARD HEATER CO. PRODUCES 
NEW LINE OF FURNACES 

W. J. Kerr, general manager of the 
Ward Heater Company, has announced the 
development of four new floor furnaces by 
his ccmpany. ‘These furnaces, which are 
larger than other types of Ward’s, are now 
on display at the company headquarters at 
1243 South Hope Street, Los Angeles. The 
new floor furnaces, together with two new 
sizes of circulators which have also just 
been put on the market, were designed by 
Walter M. Berry, consulting engineer asso- 
ciated with the Ward Heater Company. 
Henry H. Nelson is president of the com- 
pany. 


September, 1930 


Merchandising 


helps FREE 


« A complete four-piece direct mail 
campaign imprinted with your name. 


¥3 Four - page illustrated letterhead. 


&) A compelling window display. 


4 Envelope stuffers to go out with all 
your mail. 


5) “Installed Here” signs. 


6) Literature — Catalogs, handbooks, 
booklets and inquiry reply pieces. 
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increase your 
House Heating load 


with IDEAL 
GAS BOILERS 


Home owners want automatic heat. Ideal Gas 
Boilers are 100°%0 automatic. And they are easy 


to sell because: 


1. They carry all the prestige of this Company. 
2. They are backed by tremendous advertising. 
3. Merchandising helps are free for the asking. 


Gas companies who are taking advantage of 
this cooperation are showing the largest per- 


manent increases in house heating load. 


manufactured by 


AMERICAN RADIATOR COMPANY 


division of 


40 W. 40th Street, New York 
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ORR GOES WITH UNITED; NIMS 
TAKES POST AT OGDEN 
James F. Orr, for the past three years 


manager of the Odgen division of the Utah 


Power and Light Co., has announced his 
acceptance of the position of commercial 
manager of the United Gas Corp., with 


headquarters at Houston, Texas. Leslie W. 
Nims, manager at Provo, for the Utah com- 
pany, will succeed Mr. Orr at Ogden. 


OIL EQUIPMENT AND ENGINEERING 
EXPOSITION OPENS NEW BUILDING 

The formal opening of the permanent Oil 
Equipment and Engineering Exposition was 
held at Los Angeles, Calif, on August 15. 
The new exposition building recently com- 
pleted, has been erected to take care o7 
the second Annual Oil Equipment and En- 
gineering Exposition, as well as the per- 
manent one, both of which are under the 
direction of E. G. Lenzner. 


JL 


PROTECTS 
GAS 
HOLDERS 


( 


GAS IN METAL CUTTING FAVORED 
IN NORTHERN CALIFORNIA 
Metal cutting operations through the use 
of oxygen and city gas are becoming in- 
creasingly popular throughout northern Cali- 
fornia, as a result of the widespread dis- 
tribution of natural gas. Among the in- 
dustries using natural gas for commercial 
cutting are the Moore Shipbuilding & Dry 
Dock Co., the W. H. Foster Co., which 

scrap ships, and the Western Pacific Co. 

interesting conversion 
operations involved in adapting this load 
to natural gas have been the rebuilding 
and redesigning of highly specialized ap- 
paratus, such as dentists torches, jewelers 
torches, lead burning, brazing and _ pre- 
heating equipment. The Victor Welding 


Among the most 


Equipment Co., of which E. L. Mathy is 
vice-president, has assisted the Pacific Gas 
and Electric Company in 
work of change-over. 


this 


specialized 
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POCATELLO FRANCHISE GRANTED 
McFADYEN-DENNING INTERESTS 
Granting of a franchise to John McFad- 

yen and L. B. Denning for the service of 

natural gas in Pocatello, Idaho, completes 
another link in the chain which will make 
possible a transmission line from Utah into 
southern Idaho. Franchises for natural gas 
service have been’ granted in _ Preston, 

Downey, McCammon, and Alameda, and 

a petition is pending at Arimo. If the 

Arimo franchise is granted, the Idaho link 

will be complete. 

The line which will serve these towns is 
an extension of the Baxter Basin, Wyo., to 


Salt Lake, Utah, natural gas transmission 
line. 
Another step which is being taken by 


the company is the filing of an application 
with the Utah Public Utilities Commission 
for permission to extend the Utah natural 
line north from its present terminus. Fran- 
chises in northern Utah, which have been 
eranted to the company include Willard, 
Perry, Brigham City, Wellsville, Hyrum, 
Logan and Richmond. 


ALBUQUERQUE TO HAVE GAS FROM 
SAN JUAN BY OCT. 1 

Natural gas service is expected in Albu- 
querque by October 1, following the tak- 
ing over of the gas distribution system in 
that city by Southern Union Gas Co., from 
Cities Service interests. 

The line which Southern Union is laying 
from fields in the San Juan Basin to AIl- 
buquerque and Santa Fe, is about 65 per 
cent completed, from the standpoint of time. 
Fifty miles of the 138-mile line are laid, 
that portion of the work representing ex- 
ceptionally hard going. The remainder of 
the line will be completed at a much faster 
rate, engineers of the company estimating 
that from three to four miles of line will 
be laid per day. 


HAMMER-BRAY CO. TO BUILD NEW 
MANUFACTURING PLANT 

The Hammer-Bray Co., of Oakland, 
Calif., manufacturer of gas stoves and 
heaters, has made arrangements to dispose 
«£ the manufacturing plant which it has oc- 
cupied for the past 12 years, and to erect 
a new factory. The site has not yet been 
definitely selected, but it will be in the Oak- 
land industrial area. The company, of 
which George Hammer is president, has 
been operating in the West for over 24 
years. 

While it will be a matter of some months 
before construction of the new factory is 
completed, the company has recently put 
another addition to the Hammer-Bray line 
of gas circulating heaters into production. 


EXTENSION GIVEN SO. CAL. GAS CO. 
FOR LANCASTER-PALMDALE 

The California Railroad Commission has 
granted an extension of time until December 
1, 1930, to Southern California Gas Com- 
pany of Los Angeles, in which to begin 
service of natural gas in Lancaster and 
Palmdale, Los Angeles County. Under a 
certificate heretofore granted by the com- 
mission, it was specified that gas should be 
brought to these towns on October 1, 1930. 


PEOPLES GAS, LIGHT & COKE 
BILL ON “THERM” BASIS 

The Peoples Gas, Light & Coke Company 
of Chicago, Ill., has been authorized by the 


MAY 


Illinois Commerce Commission to bill its 
consumers on the “therm” basis, rather 
than on the cubic feet of gas used. A 


“therm” is 1000,000 B.t.u. The present cubic- 
foot rates will be optional with consumers. 


September, 1930 
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Electrolux chosen for over 


REMODELED APARTMENTS 
in New York City alone: 


Installation of Electrolux refrigerators to replace old- 
fashioned iceboxes increases sendout 198,000 MCF 


fashioned apartment house who | simple matter since the installation 
hopes to compete with modern, re- of automatic refrigeration is often 
cently completed buildings is forced — the only necessary big addition. And 


{ pews the owner of the old- to remodel. This is a comparatively 


last year—in New York City alone— 
owners of 11,000 of these remodeled 
apartments picked Electrolux! 
Here, then, is a particularly impor- 
tant market for every gas company 
to cultivate. Because each Electrolux 
installed adds 1500 cu. ft. a month to 


the domestic load. Gives the gas 


company a generous profit from the 
sale itself. And, in addition, provides 
SSS a strong impetus to the sale of other 
| gas appliances to complete the re- 
modeling. 


The popular Kitchenette Model Electrolux, one of 


/ 


October 1 is close at hand. The 
owners of icebox-equipped apart- 
ments are already beginning to worry 
about the fall’s tenant turnover. 
They know that tenants will be de- 
serting them...that renting to new 
tenants will be harder than ever... 
unless they remodel. That’s your 
opportunity to give them a strong 
sales presentation on Electrolux. 
We've prepared a series of sales 
pieces that will help you start, fol- 
low up and close profitable sales in 
your territory. So don't wait. Ask us 
about them today. Write, wire or 
telephone Electrolux Refrigerator 
Sales, Inc., Evansville, Indiana 


ELECTROLUX 


the many models which will increase your domestic T ah RE KF RI GE RATO R 
load approximately 1500 cu. ft.a month. HE 
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A Welcome 


and 


An Invitation 


to P.C.G.A. Members 


WELCOME, Pacific Gas Association Delegates! 
You’re going to have a good time in Los Angeles, 
with plenty cf entertainment, and you'll get some 
fresh viewpoints and ideas with which to tackle an- 
other year of accomplishment. 


And, while you're here, we 
We've some interesting things to show 
+s 4 


to visit us. 


cordially invite you 


you that will help make your visit worth while. 


New Ward Floor Furnaces 


For example, several new units have recently 
been added to the Ward Line, and Ward Floor 
Furnaces are now made with capacities of from 


25,000 to 70,000 B. T. U.’s. 


You ll want to ses 


them, so again we say, “Come in!” 


New Ward Circulating 


] Heater | 


‘There’s something else, too—cur new Circulators. 
They're a most modern development, with some 


Ward features that will interest you. 
show you the new Ward Circulators? 


May we 


Note the Address | | 
WARD HEATER CO., LTD. 


1243. S. Hope St. | 
LOS ANGELES | 


TRANSMISSION LINE 
TOTALS $30,000,000 
During the fiscal year of 1929-1930 the 
gas utilities of California have laid more 
than 600 miles of natural gas transmission 
lines at a total cost of approximately $30,- 
000,000. These transmission Ines have a 
total carrying capacity of approximately 
400,000,000 cubic feet of gas per day. 

The total production of natural gas in 
California during that fiscal year was 599,- 
432,424,000 cubic feet. The disposition of 
this gas was as follows: 

Sold to gas utilities, 128,176,999,000 cubic 
feet, or 21.4 per cent; used as refining fuel, 
18,554,883,000 cubic feet, or 3.1 per cent; 


CALIFCRNIA 
CONSTRUCTION 


used as fuel in the oil fields, 77,006,793,000 
cubic feet, or 12.8 per cent; used for gaso- 
line plant fuel, and shrinkage, 80,478,702,000 
cubic feet, or 13.4 per cent; used for repres- 
suring oil fields and storage, 15,428,477,000 
per cent; 


cubic feet, or 2.6 blown to the 


air 279,786,570,000 cubic feet, or 46.7 per 
cent. 

These and other interesting facts in re- 
gard to the natural gas situation in Cali- 
fornia are contained in the annual report 
of Claude C. Brown, gas and electric en- 
gineer of the State Railroad Commission, 
and covering the 12 months ending June 30, 
1930, filed with the Commission in August. 


SO. COUNTIES GAS CO. GETS PERMIT 


TO INSTALL BUTANE SYSTEMS 
Southern Counties Gas Company, head- 


quartered at Los Angeles, Calif., has r<- 
ceived permission from the State Railroad 
Commission to construct and operate plants 
and systems for the distribution of liquefied 
natural gas in the Malibu district, near 
Santa Monica. The company already fs 
serving natural gas in the city of Santa 
Monica. 
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. §. GAS FOR PIEDRAS NEGRAS 

PLANNED BY TEXAS UTILITIES 
Construction was begun in August on 
the second unit of the Texas Gas Utilities 
Company pipe line to Eagle Pass, Texas. 
The 63-mile line to Devil’s River was com- 
pleted recently. 

The new line will run through the Ma- 
verick County irrigation project en route to 
Eagle Pass, and from there will continue 
across the International Bridge. Plans of 
the company call for the service of natural 
gas in Peidras Negras, a town of about 
20,000 population. Gas would be distribut- 
ed by a Mexican subsidiary. 


U 


COLCRADO SPRINGS TO BE SUPPLIED 
FROM KANSAS FIELDS 

The city council of Colorado Springs, 
Colo., has entered into negotiations with 
Arthur K. Lee of Dodge City, Kan., for 
the purchase of natural gas to be supplied 
the city through a 10-inch line to be con- 
structed from Stevens and Morton County 
fields in southwestern Kansas. 

Mr. Lee and associates plan incorpora- 
tion of a new company to handle the Colo- 


rado Springs project, according to recent 
news releases, and will supply gas at 
wholesale to the city. Plans call for com- 


pletion of the 200-mile line next August. 


C. B. SHAKLESS TO HEAD GAS DEPT. 
FOR KANSAS COMPANY 

The Public Utility Investment Company 
headquarters at Salina, Kan., has created 
three new general managerships, made nec- 
essary by the separation of the gas, ice, 
water and electric property management. 

R. J. Long, formerly general manager of 
these properties has taken the post of gen- 
eral manager in charge of all new prop- 
erties. C. B. Shakless, who was formerly 
Mr. Long’s assistant, has been made general 
manager of all gas properties. 


MOODY-SEAGRAVES FRANCHISING 
ACTIVITY INDICATES NEW LINE 
A 25-year franchise has been granted to 

Moody-Seagraves interests for the service 

of natural gas in Smithville, Texas. The 

company has franchises in LaGrange, Wei- 
mer, Halletsville and Schulenburg and has 


applied in Bastrop and Elgin. The com- 
pany plans construction of a transmission 
line to serve these towns if all of the 


franchises are granted. 


CITY OF LONG BEACH PAINTS GAS 
HOLDERS WITH IMUNOL 

The City of Long Beach has just com- 
pleted painting all of its gas holders with 
Imunol, according to word received from 
the Inertol Company of San Francisco. The 
holders thus treated include one of 10,000,- 
000, one 5,000,000 and one 500,000 cubic 
foot capacity. 


MINNESOTA NORTHERN BUILDING 
LINE TO KEVIN-SUNBURST FIELD 
The Minnesota Northern Power company 

is building a 40-mile, 10-inch line north of 

Shelby to the Kevin-Sunburst Field. It is 

known as the “Whitlash” line, being built 

from Whitlash, Montana, and will serve as 

a connecting link between the Sweetgrass and 

Kevin-Sunburst gas areas. 


DARLING VALVE OPENS PACIFIC 
COAST OFFICE; CARR IN CHARGE 
Announcement has been made by the 

Darling Valve & Manufacturing Co. of the 

opening of new Pacific Coast offices and 

warehouse at 2450-56 Hunter Street, Los 

Angeles, Calif. Harry L. Carr has been 

named as manager of the new office. 
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Liberal Dealer Franchise 
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|OUVRE LEAK PROOF STUFFING BOX 
BRASS SPUDS / 

aca aalca an Manual Control ! 
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pa ee eg Lever movement decreases or | 


increases gas and air injection at 
the correct ratio for all load 
me PILOT stages, thus insuring firing econ- 
omy ... For less steam, less 
gas; less gas, less air. 


Mechanical control of combus- 
tion factors is a patented KING 
feature. 
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PEEP HOLE 


IVERNIER CHATTER CONTROL 


GAS AND AIR 
DUAL CONTROL | | QuVRE ADUUSTMENT FACILITIES 


Dealer Service Responsibility Now Unnecessary 
KING SYNCHRONIZED CONTROL of varied and variable combustion factors eliminates 


service expense. ... . Troubles arising from fluttering—vibration—improper air mix- 
ture — varying gas pressures and B. T. U. content — stack and draft variations —— wind 
deflection—etc., positively tuned out with radio-like selectivity. . . . Simple in control 


and adjustment. 


If KING performance and economy is not a revelation—regardless of the time length of 
service—its purchase price will be refunded. . . . Among thousands of KING users are 
such concerns as MONTGOMERY WARD & CO., U. S. GOVERNMENT, JACOB E. 
DECKER & SONS, McEVERLAST, INC., PURITY BAKERIES CORPORATION, 
BAKER HOTEL CHAIN, SOUTHERN UNION GAS CO., DALLAS CITY WATER 
WORKS. PEEPHOLE LOUVRE 
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STEAM PRESSURE 
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KING SYNCHRONOUS 
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With automatic low 
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KING BURNER COMPANY Inc. 
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The Biltmores 
| Victor Hugo's. . 
| San Francisco . 
Brown Derby . 


Station, San Diego. 


consumers such as these. 


MADSEN RANGES Make Important 
Consumers Good Friends for Gas... 


. Los Angeles, Santa Barbara, Flintridge 

. Pig’n Whistle, Los Angeles and 
. Herbert's, Los Angeles and San Francisco . 

. Beverly-Wilshire . 
Commerce, Maison Paul Grill, San Francisco, U. S. Naval Training 
Madsen Heavy Duty Ranges with Madsen 
Siphon Burners are making good friends for gas from important 
Excellent equipment to endorse because 


. Leighton’s. . 


it makes gas the best liked of all cooking fuels. 


MADSEN 


. Los Angeles Chamber of 


HOTEL AND 
RESTAURANT 


KITCHEN EQUIPMENT 
Sold by Leading Equipment Dealers 


MADSEN IRON WORKS 


P. O. Box 601, Huntington Park, Calif. (Suburb of Los Angeles) 


San Francisco Factory Representative, Fred R. Sanford, 631 Second St. 


DISTRIBUTION SYSTEM UNDERWAY 
AT LOS BANOS; OFFICE OPENED 
Construction work was begun in August 

by Coast Counties Gas & Electric Co., of 

Santa Cruz, Calif., on a natural gas distri- 

bution system for Los Banos. 

The new Standard-Pacific transmission 
line close to the city and will be 
tapped for this service, as well as supply- 
ing Gustine and Dos Palos. 

Arrangements are underway for the open- 
ing of an office in Los Banos by Coast Coun- 
ties. 


pa sses 


BUTANE SERVICE SCHEDULED FOR 
SEVEN IDAHO TOWNS 


Application for permission to serve a 


number of Idaho cities with liquefied petrol- 
eum gas has been filed at Boise by Thebo, 
Starr, & Anderton of San Francisco, Calif. 


The application calls for service in Idaho 
Falls, Blackfoot, Burley, Payette, Weiser, 
Moscow, and Coeur d’Alene. 


VERTICAL FOUR-CYCLE ENGINES 
DESCRIBED IN BULLETIN 


Vertical four-cycle air injection diese] 
engines are featured in the Worthington 
Pump and Machinery Corporation’s new 


Bulletin S-500—B2-A, recently brought from 
the press. The 44-page booklet contains 
half-tones of the new engines showing the 
operating parts and assembly, as well as 
phantom views, together with description of 
the main features. An interesting feature of 
the pamphlet is the illustration showing the 
complete engine with the lubricating oil sys- 
tem shown in red. Line diagrams of the 
various sized engines and specifications for 
space occupy several pages of the publication. 


WESTERN GAS 


ELECTROGAS FURNACE CO. ADDS 
THREE TO PERSONNEL 

The Electrogas Furnace Company of San 
Francisco announces the association of AlI- 
fred A. Montagne, Ben F. Hawes and Ray 
H. Montagne with the organization. W. W. 
Norton, who has handled the sales for 
the past 10 years, will devote his efforts 
to production. 

Alfred A. Montagne has been associated 
with the Pacific Gas and Electric Co., as 
gas sales supervisor in the San Joaquin val- 
ley district. Mr. Hawes, also a former P. 
G. and E. man, has been with the Pacific 
Gas Heating Co. for the past three years. 
R. H. Montagne was in the building ma- 
terial business, being associated with the 
Pacific Coast Aggregates, Inc. 

With the announcement of the new memz- 
bers in the company, Electrogas has also 
announced changes in its models, additions 
to the lines, and revision in the listing of 
the company’s products. Three new fur- 
naces, all bearing the American Gas Asso- 
ciation’s stamp of approval, have been add- 
ed to the line, making a total of five floor 
furnaces now available, ranging from 20,- 
000 to 46,000 B.t.u. rated input. 


MO.-KAN. ADDS TO AVAILABLE 
NATURAL GAS SUPPLY 
Missouri-Kansas Pipe Line Co., through 
its subsidiary companies, the Texas Inter- 
state Pipe Line Co. and the Missouri-Kans- 
as Gas Co., is drilling eight wells in Stevens 
and Morton Counties in the Hugoton Field 
in southwestern Kansas. This development 
is a joint operation with the Stevens County 
Oil & Gas Co. and the Southwestern 
Kansas Oil & Gas Co. The gas from this 
area will be available for the Missouri- 
Kansas Pipe Line Co.’s main line system, 
which is being extended eastward to Mis- 
souri, Illinois and Indiana. A recently com- 
pleted well of the company in Morton Coun- 
ty, Kansas, is reported with an open flow 
of 8,000,000 feet. In addition to the 
Kansas development program the company 
is conducting six operations in the Texas 
Panhandle, where seven wells have been 
completed with a reported combined open 

flow volume of 180,000,000 feet. 


NORTHWEST STATES UTILITIES CoO. 
OPENS SHERIDAN OFFICE 
Offices of the Northwest States Utilities 
Company have been opened in Sheridan, 
Wyo., and change-over work will be begun 
immediately. The line which is being con- 
structed from Billy Creek to Sheridan is 
completed to within 10 miles of the city. 


MONTANA -DAKOTA CO. EXTENDS 
SERVICE TO BOWMAN, N. D. 

The Montana-Dakota Power Company, 
through its subsidiary, the Gas Develop- 
ment Company, is extending its line from 
Baker, Montana, to Bowman, S. D., serv- 
ing this town, with a possibility of extend- 
ing to Hettinger and Lemon, S. D. 


R. M. ADAMS. FORMERLY OF L. A. 
GAS AND ELECTRIC CORP., DIES 
Robert M. Adams, formerly secretary and 

treasurer of the Los Angeles Gas and Elec- 

tric Corporation, headquartered at Los An- 
geles. died on August 12 at his home in 

Pasadena, following a long illness. 


H. SATTERWHITE ON VISIT TO 
PACIFIC COAST TERRITORY 

J. H. Satterwhite, general manager of 

Westcott & Greis, Tulsa. Okla., was on the 

Pacific Coast during August, stopping at 

Los Angeles and San Francisco, where dis- 

trict offices of the company are maintained. 
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Gas range, cupboard and kitchen table 
combined—it takes the walking out of cooking 


In cool Spring-like green or mellow wory, with contrasting 
handles. Full vitreous enamel finish. Silvery Estalloy metal top. 


HAT you have long been waiting for is here. A 
new kind of a gas range. Completely different in 
operation. Completely different in appearance. 

One lever movement turns on the oven gas, lights 
it, sets the heat regulator. A safety pilot is standard 
equipment. Turning a gas cock lights the cooking-top 
burners. No button to push. One movement adjusts 
the Rigidraw broiler to varying thicknesses of steak, 
roast or fowl. The legs are adjustable to give exactly 
the cooking-top height women want. 

\ work-table top of stainless, rustless [stalloy 
metal centers all the woman's cooking activities right 
before her. Heavily insulated Estate Fresh-Air Oven. 
Two roomy utensil drawers, just underneath the 
cooking top, hold kitchen implements. One drawer is 


“SA Oa 
._ Vo F 
s) , yet ‘. 

rs) x iu 

7 Ye ,/ 


and differen 


+ 


A fi. 
ORD Reg 

MPG: 
Be Se 


=~, 


completely equipped with kitchen cutlery, spice can- 
isters, knife sharpener. Everything, in this new Estate, 
to give finger-tip control in cookery. 

\ brand-new range with a brand-new sales appeal. 
You know what that means. And you know what will 
happen when we announce this sensational Estate in 
the October Lith Saturday Evening Post with a double- 
page advertisement in three colors and silver. The 
women of your town will be looking for this range in 


your windows and showroom. 


Write for information—or, better still—wire to 
have our representative call. The Estate Stove Com- 
pany, Hlamilton, Ohio. House Founded in 1845. 


Model “kK” 


6state GAS RANGE 
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Haver . desk-pad says ““September!”’ 


Soon youll be thinking—and_ thinking 
hard—about that Fall-Winter heating load. 


So, right now, do a little quick thinking 
about the Estate Gas Heatrola—the heater 
that is boosting domestic loads for more than 
live hundred gas companies, like yours. Build- 
ing good-will for them, too. 

You ll find Heatrola easy to merchandise, 
because it bears a name that everybody knows 
and trusts. Because it lays low the popular 
idea that gas heating is unsafe—and only for 
the well-to-do. 

The Estate Gas Heatrola, with its fume- 
light construction and safety-pilot, gives your 
prospects buying confidence. And the famous 
lntensi-kire Air Duct, because it gets more 
Bb. EP. Us out of every foot of gas, keeps them 
happy after Heatrola is installed. 

Yes, there is still time this Fall to market 
and merchandise Heatrola. Still time to cash 
in on the demand that Heatrola advertising 
in the magazines, on the air—is creating In 
your territory. But you Il have to hurry. Wire or 
write THE ESTATE STOVE COMPANY, 


Hlamilton, Ohio. House founded in 1845. 


Is0 New Montgomery St. Terminal Sales Bldg. 
San Francisco, Cal. Portland, Ore. 


There is only One Heatrola .. . Estate builds it 
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APPLIANCE SALES PROGRAM FOR 
BUTANE-SERVED TOWNS 

Coincident with the construction activities 
which are under way for the Natural Gas 
Corporation of California on butane plants 
and distribution systems in the towns of 
Suisuin, Fairfield, Rio Vista, Isleton and 
Vacaville, this company is also launching 
an extended new business and domestic ap- 
pliance campaign in each center. Stores 
have been rented in all the towns and sales- 
men are engaged in a house to house can- 
vass, signing up future users of gas and 
selling appliances. Uniform stocks have 
been instailed in every store, consisting of 
several makes of stoves, automatic water 
heaters, tank heaters, radiant type heaters, 
warm air circulators and gas _ refrigera- 
tors, 

Cadet engineers, who will officiate as 
local company representatives, are being 
sent to the various towns from the cadet 
training school which is being maintained 
in Santa Cruz. The entire sales activities 
of the Natural Gas Corporations are under 
the direct supervision of Thomas E. Bartlett, 
sales manager. 

To date, the Natural Gas Corporations 
of California, Oregon and Washington, 
which are all under the same management, 
have 282 gas franchises in these states. 


NATURAL GAS ENGINEERING CORP. 
NEW CONSTRUCTION COMPANY 
The Oklahoma Natural Gas Corporation, 

Tulsa, Okla., recently announced the for- 

mation of the Natural Gas Engineering 

Corporation. This company will take over 

the engineering and construction work of 

Oklahoma Natural and will also function 

for other gas companies. Officers of the 

company are IT. R. Weymouth, president, 

M. E. Simond, R. W. Hendee and Jj. H. 

White, vice-presidents and C. A. O’Donavan, 

secretary and treasurer. ‘The company’s 

headquarters are in the Oklahoma Natural 

Gas Building, Tulsa, Oklahoma. 


FOREST PARK, NEW ORLEANS 
SUBURB ON “NATURAL” 

Forest Park, a new sub-division of New 
Orleans will be served with natural gas, 
it has been announced by New Orleans 
Public Service, Inc. Work has been started 
on the main extension, which was expected 
to be completed by September a 

The extension consists of 6633 feet of 
main to supply 75 new customers, an aver- 
age of one customer for every 884 feet of 
main. There are still 62 prospective custo- 
mers left who can be served from this line. 
The increase in yearly load will amount to 
approximately 2,250 M.c.f. 


NORTHWESTERN UTILITIES, LTD., 
ENLARGES EDMONTON SYSTEM 
Northwestern Utilities Ltd., Edmonton, 

Alberta, has recently completed enlarging 

the 80-mile transmission line from the Vik- 

ing field to the city. Extensive additions 
to the company’s distribution plant are also 
completed. 

The new business depacstenens under Ed. 
McGarvey is at present formulating a cam- 
paign to aggressively go after commercial 
and industrial business. Up to this point 
their plant was unable to accommodate more 
than the domestic consumers. 


LAS VEGAS, N. M., FRANCHISE TO 
SOUTHERN UNION GAS CO. 

The franchise at Las Vegas, New Mexico, 
has been taken over by Southern Union Gas 
Company, headquartered at Dallas, Texas. 
The franchise was originally issued to the 
Pecos Valley Gas Company of Artesia, N.M. 
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Bonded Heating mm No. California 


EN of Oakland’s leading heating con- 

tractors, members of the Furnace 

Dealers’ Association of Northern Cali- 
fornia, have recently devised a new plan 
called the “Bonded Heating Installation” by 
which they aspire to put an end to the 
chaotic conditions that have existed among 
retail furnace dealers. The association makes 
certain guarantees on every job installed by 
its members and has as its aim the correc- 


NOW 
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GAS FURNACE 


THERE ARE IMPORTANT 
YOUR HOME will be more ADVANTAGES 
attractive and healthful. in moking your 
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i avoid the delay nvenwences, discomforts 


With a Modern Cas Heating chames who are 
natallation you can have 
The New Natural Gas Fu >! oe rites 
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Safe and Satisfactory Operation. NEW NATURAL GAS FUEL 
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THE SURE WAY TO “CORRECT HEATING” 


IS TO DEMAND THIS SEAL WHEN ORDERING YOUR INSTALLATION 


FURNACE OF NORTHERN 


DEALERS SEATIND CALIFORNIA 


INCORPORATED 


ASSOCIATION 


Every “Bonded Heating” dealer has posted a cash 
bond to guarantee material and workmanship 


You save money and eliminate worry when purchasing a 


“BONDED HEATING INSTALLATION” 


Furnace Dealers’ Association of Northern California, Inc. 


HARRY O. LOTHROP—Secretary and Manager 
Builders’ Exchange Building—Phone GLencourt 7400 


Any of the following “Bonded Heating” concerns will gladly send a representa- 
tive to plan and estimate a correct gas heating system for you without obligation 
or annoying sales methods. 


Aladdin Heating gma 5107 Broadway ......-- OLympic 5424 
Dickson & Holbrook. . 2180 Dwight Way, Berk. BErkeley 0347 

Hill & Stoops. ........--+-- 4212 Broadway .....-.- HU mboldt 1993 

| Ke-+ro-o Heater Co .. 132 14th St Highgate 3938 
Pacific Gas Appliance Co. .. 19th & Market Sts OAkland 2480 

.. 320 13th St GL encourt 0314 


Pollard-Seagrave Co. 
Superior Metal Products Co... , 44th & Market Sts. 
Airport Sheet Metal Works 4339 East 14th St. 


.Pledmont 2032 
FRuitvale 4672 


Newspaper copy appearing in San 

Francisco Bay District dailies for the 

Furnace Dealers’ Association of North- 

ern California, featuring the Associa- 

tion’s “Bonded Heating Installation” 
plan. 


tion of certain abuses that have long been 
the bane of the industry. 

The plan in brief is that every dealer who 
is authorized to install a bonded heating 
installation has posted a $1,000 cash bond 
which is held in escrow by the dealer and 
the association. The bond is of course the 
dealer’s guarantee that he will fulfill all 
the terms of the specified contract. The five 
points covered are: 


(1) Every appliance installed under the 
Association’s bonded seal must be of correct 
heating capacity. This protects home owners 
against the under-sizing of heating appli- 
ances and in a measure protects the heating 
contractor against the home owners who 
shop around for something cheap and install 
it without regard for the heating demand 
that is to be made on the system. 

(2) All piping and warm air heating 
must comply with the national standard code. 

(3) Every gas furnace or heater must 
comply with national safety requirements 
and bear the American Gas Association Blue 
Star seal. 

(4) Every installation must be made in 
accordance with local city ordinances and 
inspected by the authorized city inspector. 

(5) Ali heating appliances and installa- 
tions must be of standard quality and free 
from defects in material and workmanship. 

The Pacific Gas and Electric Company, in 
whose territory most of these installations 
are being made, is heartily in favor of the 
Association’s work. The company’s | atti- 
tude on the matter is that an umsatisfactory 
gas installation, regardless of who is to 
blame, invariably results in dissatisfaction 
with gas as a fuel and quite often in bitter 
and unjust complaints of the company’s own 
service. 

A $5,000 advertising campaign has been 
subscribed by the Association and is being 
run for 13 weeks, commencing luly 13, with 
a double objective. First of all, the idea of 
insisting on a bonded installation is being 
sold to the public, and secondly, summer dis- 
counts for systems installed before the open- 
ing of the heating season are being featured. 
At the present writing only three advertise- 
ments of the series have been run, but 
J. L. D. Keppe, chairman of the board of 
directors of the Furnace Dealers’ Association, 
states that the direct returns received have 
been extremely satisfactory and have re- 
sulted in many new jobs for all of the con- 
tributing members. 

Mr. Keppe, who is in the heating busi- 
ness himself, also observes that the straight- 
forward and plain explanation of the or- 
ganization’s policy has resulted in an _ atti- 
tude of confidence decidedly noticeable in 
the people who come into his establishment. 
Many have specified of their own volition 
that they want a “bonded” job. 

A design has been worked out which, in 
the use of stickers for letter heads, window 
cards for dealers and job cards for instal- 
lations, seeks to further the bonded idea at 
every opportunity. H. O. Lothrop is secre- 
tary and manager of the Association. 


GENERAL UTILITIES CO. OF K. C. 
ASKS MARCELINE FRANCHISE 
General Utilities Company of Kansas City 
is seeking a natural gas franchise in Marce- 
line, Mo. The company already holds nat- 
ural gas franchises in Liberty, Odessa, Hig- 
ginsville and Keytesville in Missouri, and 
plans to pipe gas to the cities from a gas 

held near Liberty, Mo. 


DISCOVERY OF NATURAL GAS IN 
NO. MANITOBA ANNOUNCED 
Natural gas has been found in the Pas- 
quai district in northwestern Manitoba. A 
strong flow was struck at Kakawa, and it is 
believed that a new gas field has been dis- 
covered. 
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The Wew Tappan Insulated Gas Range 
W-846-RTDX—Right Hand Oven W-846-LTDX—Left Hand Oven 


PARTS—One piece cast iron flush front frame, heavy bar iron base band, angle iron top 
frame, cast iron baffle plate, steel oven bottom tray, utensil drawer, new Speed-Oven 
design, insulated with rock wool, concealed manifold. 

TRIM— White Enamel—Front frame, door and drawer panels, splashers, oven top, bracket, 
top back strip, oven end, burner box end, burner tray, broiler pan, end shelf, front 
strip, base band covers, legs, door handles, manifold cover. 

Blue Enamel—Oven bottom, door liners and broiler liners. 
Black Enamel—Top grates and valve handles. 

Black Japan—Burners and broiler bottom. 
Chromium—Oven side and back liners and rack glides. 


BURNERS—Two giant, two single, one simmer and one large oven burner. 

REGULAR—Oven heat control, top grates black enamel and automatic lighter. 

COLOR—Above furnished in Green, Blue or Ivory Trim also. 
MEASUREMENTS 


Floor space with end shelf . . . .. . . 43 inches x 27% 


inches 


> I 
Cooking top . . .. ++. +--+ 23%inches x 22% inches 
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Again Tappan Sets the Pace! _— 


A Distinetly NEW Insulated Range— _— 
Advaneed and Exclusive Features | 
Eelipsing Aull That Has Gone Before! | 


At last a range that’s visibly different—the new Insulated | 
Tappan! Striking, self-selling features to capture the house-_ | 
wife’s desire . . . and a profitable share of her home-furnish- | 
ings budget for you! 
|. Heavily Insulated-- Picture shows why the insulated 
Tappan keeps the heat i in the oven and out of the kitchen. 


Rock wool, the ideal insulation for gas ranges is tightly 
packed in oven sides, top, back and doors. Remember, 


kitchen comfort is the only proven incentive for volume ‘wie 


sales of gas ranges in Summer. 
2. Speed Oven-- Arrows in picture show how specially 


constructed oven walls permit instant flood of heat 
throughout oven. No oven pre-heating required for ordi- 
nary foods—start baking the moment you light burner! Re- 


alize the selling advantage of this time-saving convenience. 
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The handsome mirror-like Chromium oven lin- 
ings give greater heat reflection, entirely new 
beauty and distinction to this handsome Tap- 
pan Range. 


Hot biscuits in 15 minutes after the housewife 
enters the kitchen! Speed-Oven Construction 
eliminates oven pre-heating. And heavy insu- 
lation for still greater kitchen comfort! 
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3. Chromium Oven Lining-~ A mirror-like oven lining = 
of genuine heavy: Chromium plate. Extremely hard, very ; 
highly rust-resisting, easily kept clean. Improved heat 


reflection and greater efficiency! 
lL. Concealed Manifold-- No makeshift—this new mani- 


fold shield has been designed as an integral part of the 

range—rounding off in exquisite simplicity the beauti- . 

ful contours of this new Insulated Tappan! 
Many more sales-winning features; oven heat control,of course. 


3 
This coupon will bring full information on the strong local : 
newspaper advertising campaign,window display,and complete | 


selling helps. Send it now! 

The Tappan THE TAPPAN STOVE COMPANY : 

665 Howard St., San Francisco, Calif. : 

Stove Gentlemen: Please send me details on the new ( 

Company : 
Mansfield, f , EE er ho ee Ee Pee 
Ohio W a BD haves vee cccedcncvens secteeseceooceses | 
Western Office | | GALE heuritash bl nena des pao eh celia | 
665 Howard St. | 
San Francisco, Cal. | Your Vame SOM Ocoee oeoeesneaneneeees seceeeeeeeaees | 


Insulated Tappan and full information on 
dealer helps. om § eset sear serene 
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| Just the Thing for Your Shop 
Johnson No. 101 Bench Furnace 


For heating soldering coppers 
up to 12 pounds a pair, for 
heat-treating, tempering, an- 
nealing, etc., this furnace has 
no equal. It is equipped with 
two powerful Johnson Bunsen 
Burners which produce a heat 
of 1600 to 1800 degrees with- 
out a blower. Write for fur- 
ther information. 


Johnson No. 118 Combination 
. Bench Furnace 


Here is a real utility furnace. A melting 
pot and bench furnace for heat-treating and 
heating soldering coppers—all in one unit. 
One small investment will bring you a fur- 
nace that will perform all of your heating 
jobs. If you have any gas heating opera- 
tions in your plant be sure to investigate the 


Johnson No. 118. Write for details. 


Johnson 60 BCE Ring Burner 


A combination of 3. sep- 
arate burners each equipped 
with individual valve. The 
60BCE embodies all the 
patented Johnson features 
which insure better, more 
efficient service. There is a 
Johnson burner for every re- 
quirement. Write for com- 
plete information. 


914 Pounds of Efficiency 
Johnson No. 8 Torch and 
Melting Pot 


This inexpensive little outfit is packed full of 


service. [he cast iron melting pot has a capacity 
of 22 pounds. The pot and shield can be easily 
removed and the torch used for soldering, tem- 
pering or any pre-heating work. Write for de- 
tails. 


SHNSON GAS APPLIANCE (- 
Cedar Rapids Fa © LOWAQZ 


Pacific Coast Representative—C. B. BABCOCK CO. 
135 Bluxome St., San Francisco, Calif. 


WESTERN GAS 


PORTLAND GAS & COKE CO. TO SPEND 
$770,000 IN WILLAMETTE VALLEY 
Portland Gas & Coke Company’s plans 

for the year 1930 include the installation of 
over 200 miles of high preesure mains in the 
Willamette Valley outside of Portland, which 
together with approximately 5,000 services, 
governors, and meters will represent an 
added investment of about $770,000. ‘The 
mains are all constructed of steel pipe with 
welded joints and are being laid partly by 
the company’s construction crews and partly 
by contractors in order to insure the com- 
pletion of most of the main lines before the 
winter season arrives. 


NEW ORLEANS PUBLIC SERVICE 
HAS UNIQUE WINDOW DISPLAY 


An attractive window display recently 
prepared by the New Orleans Publ-c Serv- 
ice Inc., consisted of the various products 
of each gas fired bakery in the city. Each 
bakery supplied samples of its products, 
which were arranged in groups with cards 
giving the baker’s name. Different types of 
bread displayed included French, Italian 
cap, pan, twist, rolls, whole wheat, raisin, 
and rye. 

Up to the present time, 50 per cent of 
the total bread baked in New Orleans is 
done with gas. 


LARGE VOLUME HEATING LOAD 
FOR CANADIAN WESTERN 


The Canadian Western Natural Gas, 
Licht, Heat & Power Company, Ltd., new 
business department: reports the addition of 
two large consumers, the Alberta Provincial 
School of Technology and the Keith Sana- 
tarium. Both of these consumers will burn 
in the neighborhood of 30,000 M.c.f. per year. 
The technical institute plans to go into gas 
utilization from an experimental viewpoint. 


The new $2,000,000 postofice now under 
construction in Calgary, Alberta, will be 
entirely heated with natural gas with oil 
stand-by. 

This is the first Dominion Government 
building to utilize natural gas in a large 
way in Calgary. 


GREAT FALLS GAS CO. TO HAVE 
BOOKKEEPING MACHINES 


J. R. Hess of the North Shore Gas Com- 
nonv at Waukegan, Illino's, arrived in Great 
Falls, Mont., Monday, August 4, to make 
preparations for installing a machine book- 
keeping system for consumers ledgers in the 
Great Falls Gas Company. The new sys- 
tem will be put into operation in October. 


MADERA NATURAL GAS SERVICE TO 
BEGIN IN FALL 


Natural gas will be available in Madera, 
Calif., some time in the early fall, accord- 
ing to word received by E. M. Marshall, 
manager of the Madera Gas Company, from 
the head ofhce of Pacific Lighting Corpora- 
tion, of which the Madera company is a sub- 
sidiary. 


WATER GAS SET TO BE INSTALLED 
AT BREMERTON, WASH. 


Bremerton, Washington, has granted a 
franchise to the Western Gas and Utilities 
Corp., for the service of gas. The company 
is planning immediate construction of a gas 
plant, the specifications calling for a water 
gas set. 
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A New Product With an Old Name 


The new Roper combination radiant and circulating type 
heater has just been announced. Built into it are all the 
characteristics of quality, beauty of workmanship and 
scientific design that have characterized every other 
Roper product. 


All sizes are in the modern cabinet style, finished in a 
handsome natural wood effect. The fire box is cast iron, 
with circulating tubes, heating chamber and bafHes of 
rust resisting Toncan metal. 


Sizes and specifications: 


Roper Heater Height Widih Depth Floor Space Burner Rating 
200 46” 29” 12” 13”x30” 35,000 B. t. u. 
250 46%,” 291%,” 17%” 18”x30" 70,000 B. t. u. 
300 46%” 291%,” 2214” 23”x30" 105,000 B. t. u. 


C. B. Babcock Co., 


George D. Roper Corp., Rockford, Ill. | ternerdney 


San Francisco 
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We Manufacture a Full Line 
of Strictly 


High Grade 
Gas Appliances 


Including 


Conversion Gas Burners 
Circular Heaters 
Warm Air Furnaces 

Ranges 


Our Catalog is yours for the asking 


SECURITY STOVE 
& MFG. C0. 


Kansas City, Mo. 


Martin Unit Gas Furnaces 


ARE THE RESULT OF 38 Y 
HEATING EXPERIENCE 


MADE IN FOUR SIZES 


Electric, Thermostat or Manual Control 
Approved by A. G. A. Laboratory and by 
the City of Los Angeles 
Write for your copy of 
“Modern Heating Methods” 


PHILLIPS HEATING, VENTILATING 


& MFG. CO. 
1710 W. Wash on St. 
Los Angeles, fornia 


Live 
Agents 
Wanted 


Mettler Entrained Combustion Gas Burners 


FOR Al 


406 > Matin St. 


Purposes 
Kinds of gas 
Pressures 


LEE B.MEITLER. CO. 


os-Ar cit is w { t ; 


Gentlemen: 
Kindly send me a sample 


Aeb Vit 


can and full details regarding 


The New Porcelain Enamel Cleaner 


ewe 42 eS 2.8 OSS C6 OS. CBP ae Se Br SS Ce a Ss. a2 CS. 2 FS & 


No obligation, of course 
Clip and mail today to 


A-B STOVE CO., Battle Creek, Mich. 


WESTERN GAS 


NEW LINES ON MARKET FOR 
PACIFIC PIPE AND SUPPLY 


A new application of an old principle is 
embodied in the water heater recently intro- 
duced by the Pacific Pipe and Supply Com- 
pany of Los Angeles, Calif. 

Indirect heating of water for domestic 
use is the method used, the Papico consist- 
ing of two chambers. The primary heater 
contains the heating element water which is 
used solely to absorb the heat from the fire 
and to transfer it evenly to the secondary or 
domestic water container. The primary heat- 
ing water remains unchanged and _ since 
the total lime content is negligible, the pos- 
sibility of liming up the primary water 
chamber is removed. Necessary expansion 
or contraction of element water is provided 
for by a small hole connecting the two 
chambers. 

When this primary water is heated its heat 
is transferred to the surrounding domestic 
water which, being free from contact with 
fiame-heated metal, does not deposit its lime 
content, 

Several models of indirect heaters are 
now in production, the first of which has 
passed the A.G.A. Laboratory tests. It is 
planned to send the other models to Cleve- 
land in the near future. 

The burners used were specially designed 
for this type of heater under the direction 
of Walter M. Berry, who has also acted as 
consulting engineer in the development of 
Papico indirect heaters. 

A. E. DeBurn of the engineering depart- 
ment of Pacific Pipe and Supp!y Co., has 
announced the appointment of B. V. Emery 
& Company of Tulsa, Okla., as Mid-Conti- 
nent distributor for Perfection duplex mer- 
cury traps for which Pacific Pipe has ex- 
clusive distribution. H. F. Haldeman is 
general manager of the company. 


BUILDING EMPLOYEE FACILITIES 
ON “STANPAC” LINE 


At the Tracy terminal, junction of the 
Pacific Gas and Electric Company’s natural 
gas line to Milpitas and the Standard Pa- 
cific line, cottages, ofhces, garage and water 
tower are being constructed. 

At Pinoche Junction and Gustine cottages 
are being constructed for a patrol station. 


WESTERN NATURAL SELLS SYSTEMS 
AT EUFAULA & CHECOTAH, OKLA. 


The Western Natural Gas Company has 
sold its distribui.ng systems in Eufaula and 
Checotah, Oklahoma, to the Quinton Natural 
Gas Company, subsidiary of the Oklahoma 
Natural Gas Corporation, operating through- 
out Oklahoma. 


R. H. HURD GOES WITH TEXAS GAS 
UTILITIES CO. 


Russell H. Hurd, formerly chief clerk of 
the Texas Cities Gas Company at El Paso, 
recently left that organization to accept a 
similar position with the Texas Gas Util- 
ities Company at Del Rio, Texas. 


EARL EDISON NOW CHIEF CLERK 
FOR JACKSON L. H. & P. 


Earl Edison, formerly chief clerk in the 
Union Public Service Company at Fort Scott, 
Kan., has recently been transferred to the 
Jackson County Light, Heat & Power Com- 
pany at Independence, Mo., as chief clerk. 


SAN DIEGO CONSOL. GAS AND 
ELEC. REPORTS GAIN 
San Diego Consolidated Gas and Electric 
Company of San Diego, Calif., reports net 
earning for the second quarter of 1930 at 
$137,898, compared with $107,693 in the 
same period of last year. 
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Combining Price Appeal | 
with Mueller standards of | 


High Quality, Dependability 
ona Ginceney ....... . 


A gas-fired warm air furnace by Mueller, embodying the 
. . . . Muitipie unit construction permits us¢ : 

same advanced principles of corrugated ribbed heating sf the number of standard sectioné 
surface as the Mueller Gas-Era cast furnaces. Hot gases required to secure correct capacity for . 
. . . . ° any insfatiation Note the trim. clean 

pass over these ribbed sections at high velocity, securing cut lines. Stands only 53 inches high. 
maximum operating efficiency. ; 
Constructed of heavy-gauge, pressed, copper-bearing ; 


sheets, machine welded ... . casing attractively finished 
in green lacquer. Designed to sell at a price without sacri- 
ficing quality or efficiency. 


Standardization of parts and packing greatly simplifies 
stocking, pricing and installation. Whenever a stock is car- . 
ried, no extra parts are required. It is only necessary to 
ship a complete individual package for each increasing 
section, regardless of size of furnace. Only one stock of . 
parts necessary for furnaces of any capacity. 
Investigate this revolutionary gas-fired 3 
furnace. Mail the coupon for details. 
L. J. MUELLER FURNACE CO., 257Reed St., Milwaukee, Wis. 
Makers of the complete line 
of Gas-Era Gas-Fired Fur- 
naces and Boilers. 
Approved in all sizes by eo Sa NL So) NE ND NES SO NN SK Be j 
American Gas Association, : 
Inc., Testing Laboratories THE COUPON IS FOR YOUR CONVENIENCE : 
... Capacities in multiples of ; 
45,000 to 450,000 B. t. u‘s. L. J. MUELLER FURNACE CO., : 
257 Reed St., Milwaukee, Wis. 
Catalog, prices, and full details, please, regarding 
the rew Mueller Pressed Steel Gas-Era Furnace. | : 
Firm Name._...---- ss 
Address --....-.---------- aoe 
Name and title of individual making request _ . 
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Factory 
516 12th Avenue 
Cedar Rapids, Iowa 


Automatic Gas 


Fired Boilers 
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All 
Sizes 
from 

WA 


/ 


to 
30 
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P. M. LATTNER MANUFACTURING CO. 


Warehouse Distributor 
2646 South Hill Street 
Los Angeles, California 


GAS RANGE 


“Captures the flavor 
... frees the Cook’”’ 


Send for 
details of new 
Profit Building 

Special Fall 

Campaigns 


MECHANICALLY 
COATED AND WRAPPED 
PIPE 


The greatest advance in the protection of line 
pipe in the past quarter century. Pipe is 
mechanically coated and wrapped at the mill 
by the exclusive Hill, Hubbell & Company 
process. For information, address 


GENERAL PAINT CORPORATION 
Hill, Hubbell & Company Division 
Specialists in the science of protective 
coatings for industry 
Chicago—105 West Adams St. New York—Ii! Broad- 
way. San Francisco—i60 Fremont St. Los Angeles— 
°08 South Main St. Seattle—i406 Dearborn St. 


Portiand, Ore. Tulsa, Okla. Houston, Texas. Dallas, 
Texas. Spokane, Wash. 


EXPORT OFFICES: Head Office—i60 Fremont Street, 
San Francisco, Calif., U.S.A. 


Branch Office: |{ Broadway, New York, N. Y., U.S.A. 


WESTERN GAS 


AMER. METER BOOK ON POSITIVE 
DISPLACEMENT MEASUREMENT 
“Positive Displacement Meters,’ a 206- 

page volume which has been brought from 

the press by the American Meter Company 
as its Handbook E-4, will be welcomed by 
those concerned with gas measurement, as 

a comprehensive treatment of the whole sub- 

ject of measurement by displacement. It 

was compiled by the executive personnel of 
the company under the editorial direction of 

John C. Diehl, chief engineer, author of the 

Natural Gas Handbook. 

In its scope the book covers methods of 
testing, maintaining and repairing large 
meters, and includes much information on 
all sizes of positive displacement meters, to- 
gether with data on the physical properties 
of gases. Its subject matter is suggested by 
chapter headings: Measurement of Gas; 
Physical Properties of Gases; The Tinned 
Steel-Case Meter; the Metric lIroncase Me- 
ter; The Measurement of Gas at High Pres- 
sure and Vacuum; The Meter Prover; Test- 
ing Meters; Pierce Critical Flow Provers; 
Meter Maintenance and the Four Cardinal 
Points; Repair of Tinned Steel-Case Meters; 
Repair of Ironcase Meters. 

Copies may be obtained by addressing the 
company at 105 West 40th Street, New York 
City, N. Y. 


LUCERO RESIGNS, REVILLA NEW 
MANAGER OF JUAREZ GAS CO. 

N. F. Lucero, formerly manager of the 
Juarez Gas Co., S.A., Juarez, Chihuahua, 
Mexico, recently resigned his position to 
enter the brokerage business. E. Revilla, Jr., 
formerly of the sales division of the Texas 
Cities Gas Co., El Paso, has been appointed 
new manager of the Juarez Gas. Co. 


SOUTHWEST UTILITIES ASKS TO 
SERVE ALLEN, OKLA. 

The Southwest Gas Utilities Corporation, 
which recently purchased the properties of 
the Allen Gas Company, has applied to the 
citizens of Allen, Oklahoma, for a franchise 
to distribute gas. A great deal of the dis- 
tribution system in Allen is to be rebuilt if 
the franchise is granted. 


NEW GAS RATES SCHEDULED FOR 
EDMONTON CONSUMERS 


The Northwestern Utilities Ltd., of Ed- 
monton, Alberta, recently requested the board 
of public utility commissioners of Alberta 
to put its approval on a voluntary reduction 
in rates. These rates show a reduction from 
nine to 30 per cent over the previous rates. 


COMMUNITY NATURAL GAS CO. HAS 
NEW WAREHOUSE AT GREENVILLE 
The Community Natural Gas Company 

has recently completed at Greenville, Texas, 

a district warehouse, 40x100 feet in dimen- 

sions, at a cost of approximately $6,000. 


‘The building is constructed of hollow tile. 


NEW DIRECTORS NAMED FOR 

BOARD OF UNITED CORP. 

Harold Stanley and Edward Hopkinson, 
Jr., of J. P. Morgan & Co., have been 
elected to the board of directors of the United 
Corporation. Thomas S. Gates has recently 
resigned as a director of the corporation. 


HOGAN OF GENERAL GAS LIGHT 
VISITS CANADIAN DEALERS 
Frank Hogan, General Gas Light Com- 
pany, Kalamazoo, Mich., spent 10 days in 
August visiting company dealers in Alberta, 

Canada. 
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We invite 


a 2 minute study 


Here is a fact presentation of the 
Teeple Valve—the greatest develop- 
ment in the gas valve field: 


|. It consumes only 3 to 4 watts 
(at 10 volts) permitting its use on 
small doorbell transformers. 


2. Operation is satisfactory on any 
voltage of from 10 to 18 volts, and 
this range covers practically al! makes 
of bell-ringing transformers. This flex- 
ibility eliminates troubles from low 
line voltage or poor regulation. 


3. Thermostat may be located at 
almost any distance from valve with- 
out making the use of a larger trans- 
former necessary. The valve will op- 
erate properly even though thermo- 
stat is 800 feet or more distant. 


4. Low current consumption of the 
valve eliminates burned contacts, even 
after long use. 


5. Motor unit can be stalled indefi- 
nitely without injury to valve or trans- 
former. Wrong thermostat connec- 
tions cannot cause damage. 


of the TEEPLE electric gas valve 


6. The motor drive makes surplus 
power available, giving a high factor 
of safety. 


7. Reserve power makes operation 
possible on any gas pressure found in 
domestic use. 


8. Bell-ringing transformers com- 
monly found in homes are adequate to 
supply valve. Saves time, labor and 
expense in installation. 


9. Method of wiring valve has been 
simplified by using five terminals. 
Three connect direct to thermostat— 
two to transformer. 


10. Operation is. positive and de- 
pendable, and eliminates possibility of 
chattering. 


11. Sizes—'Yy inch, % inch, | inch. 
12. Prices compare favorably. 


The Teeple valve is fully explained 
in an interesting folder just published, 
a copy of which will be gladly sent to 
you upon request. Write the L. R. 
Teeple Company, 540 East 9th St., 
Portland, Oregon. 
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WARMAN STEEL 


CASTING CO., Ltd. 


Basic and Acid 


Alloy and Carbon Steel Castings 
$< 


Licensed to manufacture: 


KRUPP NIROSTA 
CALMAR-KA2 


Rustless—Acid-Resisting 


CALOXO-NCT3 


High Temperatures—Non-Scaling 


Heat-Resisting 


Plant: 6100 South Boyle Ave., Los Angeles, California 
P. O. Address: Box 800, Huntington Park, California 


ATTENTION! Commercial Members Gas Companies 


A Spic and Span gas stove is a credit to the house-wife and can be 
kept that way by the use of 


OUBLE Ss 
L7 DUTY 


REG. U.S. PAT. OFF. . 


GAS RANGE & 
STOVE CLEANSER 


WALMAR LABORATORY _ Dshkosh, 


Wisconsin 


Prevents 
Rust 


Removes 
Grease 


Western Distributor 
Cc. B. BABCOCK CO., San Francisco, Los Angeles 


R. M. C. Gas Burner 


Durable Safe Economical 
ROTARY MANUFACTURING CO. 


5720 Long Beach Avenue Los Angeles, California 


- 
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TEMP-O-STAT INDIVIDUAL ROOM 
TEMPERATURE CONTROL 

The Temp-O-Stat is the name of the 
new individual room temperature control 
recently announced by the Time-O-Stat Con- 
trols Company, Elkhart, Ind. It is designed 
for use in_ residences, schools, churches, 
stores, wherever gas fired space heaters are 
used. 

Incorporated in the Temp-O-Stat, is a 
gas filled bellows which expands or con- 
tracts with the changes in room tempera- 
ture. It is the action of this bellows that 


Individual room temperature 
control recently placed on the 
market by Time-O-Stat Co. 


controls the gas supply to the heater within 
a 4 degree difference in room temperature. 
A knob located on the top of the Temp-o- 
Stat can be adjusted to maintain the desired 
temperature. 

The Temp-O-Stat has a capacity of 70,- 
000 B.t.u. of .6 specific gravity gas with 
pressure drop of .4 inches. It has an in- 
verted valve seat which eliminates possi- 
bility of clogging. It is equipped with a 
by-pass for minimum frame adjustment and 
with ample port area for domestic and com- 
mercial types of gas fired equipment. 


TEXAS CITIES GAS OILS METERS 
ON CUSTOMERS’ PREMISES 

Following a plan to oil the diaphrams of 
all meters in El] Paso, Texas, to prevent 
drying by natural gas, the Texas Cities 
Gas Co., of that city has recently inaugu- 
rated the idea of oiling the meters at the 
consumers’ premises. Formerly all meters 
were brought into the meter shop in El 
Paso and oiled. Now however, two trucks 
with a crew of three men each, have been 
assigned to this work. Since the arrival of 
natural gas in El Paso in July, 1929, 8,880 
meters have been oiled by the company. 


MOTION PICTURE SHOWS OKLA. 
PIPE LINE CONSTRUCTION 

A three-reel motion picture of modern 
pipe line construction has been completed 
by Cities Service Gas Company, under the 
direction of George H. Baird, superintendent; 
Dwight C. Foster and B. C. Butts. The 
picture was taken durifig the construction 
of the new 24-inch line extending from 
Perry, Okla., to the Oklahoma City field. 


CENTRAL STATES GAS CO. TO SELL 
GAS IN GREELEY AND LANE 
Permission has been granted by the Kan- 
sas Public Service Commission to the Cen- 
tral States Gas Company to operate in 

Greeley and Lane, Kan., and environs. 
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Heating Systems Easy to Install 


—Profitable to Sell 


HE PACIFIC Unit System furnace is a very easy 
and profitable line to sell. It appeals to the 
prospect because it is economical to buy and use, and 
provides closely controlled heat to all parts of the 
house, or to any one part, at the touch of a button. 
It is a very desirable type of appliance from your 


The Pacific Multi-Tubular Burner 


One of the reasons for the remarkable efficiency of Pacific 
Unit System furnaces is the Multi- Tubular Burner, developed 
by us. Instead of one burner, it is a group of burners, each 
with its independent supply of gas and air. Engineers say it 
is the most efficient heating element yet developed, and is 
obtainable only in Pacific Gas appliances. 


Send for Literature on Complete Line 


standpoint, because our standardized parts make in- 
stallation easy at low labor cost, and it is practically 
trouble-proof so that your servicing costs are little 
or nothing. It carries the good profit of a quality line. 
Made by the oldest and largest gas heating organiza- 
tion in the West—assurance of quality and coopera- 
tion. 
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A. G. A. 
Approval 
In addition to being 


guaranteed by us, the 
Pacific Gas Unit System 


Pacifie Products - 7 furnace carries the Blue 
of Gravity and Pressure Type Furnaces Star of the American 
Gas-Steam Radiators a Gas Association—an im 


Pressed Metal and 
Cast Iron Radiators 
Pipeless Floor 


portant thing to find on 


Pacific Gas not only manufactures Unit Type furnaces, but any gas heating appli 
Pressure Type furnaces for large buildings. May we send 


ance. 


Furnaces you literature on these profitable lines. 
aes Get in on 
Pressure Type * # Every 
Furnaces d 
Radiant Fireplace Heating Job 
Heaters 77 * 1 Y 
Automatic Water (Gas Heating \ @ ail aoe in Your 
Heaters, Storage Gas [Te g ting ompany € he T ‘ 
and Instantaneous erritory 
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Measure 
Your Gas 
, The 


AC-ME 


(Accurate Measurement) This is the Improved and Approved 
Way: Gravity Bal 
ay: Ac-MeGas Gravity Balance 
Here’s How! A highly accurate device to determine specific 


gravity of Natural Gas. Adopted by the Natural 
Gasoline Association. Four Spring Type recom- 
mended by Bureau of Standards. Portable. Send 
for descriptive folder—‘W.”’ 


AC-ME Gravitometer 


aC SM Automatically and continuously measures arid 

VWrite for Bulletin records Specific gravity of natural or ariificial gas. 
14-W which describes’ 4 veritable ROBOT. _ 

a in detail these and 


"ME scienti Pocket Calculator Orifice Well Tester 
lg nniicie 100” Water Column Charcoal Tube Adapter 
The Refinery Supply Company 
BRANCH: 621 E. 4th St. Pacific Coast Rep. 
3404 Main S The Braun Corp. 

ain t. 363 New High St. 
Dallas, Texas Tulsa, Oklahoma Los Angeles, Calif. 
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The Groble No. | 
Service Regulator 
with-or without 
Dead Weight Safety 
Valve, made with 
wea: 4: one 1%” 
Inlet and Outlet 
Connections. 


Yt, 
My 
7 


| GROBLE GAS REGULATOR COMPANY, Anderson, Ind. 


GAS 
BURNERS 


ALL INDUSTRIAL 
PURPOSES 


JOHN ZINK CO. 


Oklahoma Natural Gas Bldg. 
Phone 4-9838 


TULSA, OKLAHOMA 


* 


Flameless Burners 


Flame Burners 
Short Flame Burners 
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WILSON GOES TO MID-CONTINENT; 
SMITH AT MAIN OFFICE, P.G. & E. 
Robert V. Wilson, engineer, formerly in 

the gas transmission and distribution de- 

partment of the Pacific Gas and Electric 

Company, has left the public utility field 

to engage in pipe line engineering work 

with R. A. Conyes, sub-contractor under 

Bechtel and Kaiser on a 144-mile section 

of the Texas-to-Chicago natural gas line. 

Mr. Wilson, accompanied by R. A. Whittle- 

sey, also a former P.G. and E. employee, 

is engineer for the part of the line which 
passes through Dodge City, Kansas, where 
his headquarters are maintained. 

R. D. Smith, formerly in the field on 
construction work, has been brought into 
the main office of the engineer in charge of 
transmission and distribution of the Pacific 
Gas and Electric Co., San Francisco, Calif. 


DEATH OF W. W. PATRICK, FOXBORO 
DIRECTOR IS ANNOUNCED 


W. W. Patrick, a director of The Fox- 
boro Company of Foxboro, Mass., died sud- 
denly July 11, of pneumonia. Mr. Patrick 
was widely known in the instrument busi- 
ness and had been associated with the found- 
ers of The Foxboro Company since 1899. 
In 1908 he became New York district sales 
manager and held that post for 22 years. 

Mr. Patrick was also a prominent figure 
in the Association of Scientific Apparatus 
Makers of America. He was a director of 
the Association and chairman of the in- 
dustrial instrument section. 


SIX-INCH LINE BEING BUILT TO 
HAILEY VILLE AND HARTSHORNE 


The construction of a 6-inch gas pipe line 
from a point near Blocker, Oklahoma, to 
Haileyville and Hartshorne has been com- 
menced by Freeborn & Lambert of Tulsa, 
who hold franchises for the distribution of 
natural gas in the towns. 


AGRA FRANCHISE GOES TO PACT 
GAS CO. OF CUSHING 

A franchise to distribute gas at Agra, 
Okla., has been granted to the Pact Gas 
Company. This company now supplies gas 
in Perkins, Carney, Tryon, and Vinco in 
Lincoln and Payne counties, Okla. Head- 
quarters are maintained in Cushing, Okla. 


NORTHWESTERN UTILITIES MOVES 
TO NEW OFFICE BUILDING 


Northwestern Utilities, Ltd., Edmonton, 
Alberta, has moved into new offices. The 
structure was_ recently completed § and 
equipped with a home service department, 
with Miss Kathleen Esch in charge. 


IOWA-NEBRASKA LIGHT GETS THREE 
IOWA FRANCHISES 

Hamburg, Farragut and Sidney, Iowa, 

have granted natural gas franchises to the 


Iowa-Nebraska Light & Power Company. 


Franchises are also sought by the company 
in Essex and other towns. 


25 MILLION CUBIC FOOT WELL 
BROUGHT IN NEAR CRAIG, COLO. 


A gas flow estimated at from 25 to 30 
million cubie feet a day has been encountered 
in the Bell Rock structure near Craig, Colo. 
The discovery is said to prove up a large 
area in western Colorado. 


LAVERNE FRANCHISE SOUGHT BY 
OKLAHOMA UTILITIES CoO. 

The Oklahoma Utilities Company of Bris- 
tow, Oklahoma, has applied for a franchise 
to distribute gas at Laverne, Okla. Call 
for an election is to be made soon. 


_ -pikteieite tty ect eeegaaaeaeliaalll 


September, 1930 


Why be content with 
less than the Roberts 2 


RE you selling your customers the best in gas heating 
equipment? 
Does the Conversion Burner which you offer them include in 


its construction these very essential features? 


1. China Clay Radiants, that direct and drive the heat to the 
point where it can be most efficiently utilized. 

2. Drawn Steel Venturi Mixers, the smooth finish permitting 
at least 30% higher air injection. 

3. 114” manifold assuring an abundant supply of gas to the 
burner. 

4. Roberts Diaphragm Air Control with delayed action, which 
gradually admits the air to the burner, thus eliminating 
excess noise. 

5. 11%” Minneapolis Motor Gas Valve. 

6. 114” Equitable Spring Type Gas Governor. 


7. Johnson Adjustable Cock to each mixer. 

8. Secondary Air Duct made of Armco Iron. Air cooled cast- 
ings assuring longer life. Air supply controlled and delivered 
to the point of combustion. 

9. Roberts Safety Pilot with lava stem and cap having all elec- 
trical contacts on outside where they are accessible. 

10. Minneapolis Controls. 


Demand the Roberts features when looking for a conversion 
burner. After you have satisfied yourself that you are getting 
the best, then standardize on the Roberts Controlled Gas Heat- 
ing Unit. Be content with none less. 


Send for complete new booklet showing methods successfully 
used by some of the country’s foremost gas companies in the 
merchandising of gas for home heating. Ask for book entitled 
“Sell Health and Comfort in the Home’’—- yours for the asking. 


ROBERTS-GORDON APPLIANCE CORPORATION 


DELAWARE AVENUE AT TUPPER STREET 


CURTISS BUILDING 


ROBERTS 


GAS HEATING UNIT 
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For Speed? PUTED 


a 4 


use this 


CF 
Compressor 
Regulator 


ECESSARY relief 
of excess dis- 
charge pressure is made 
sure and safe for the 
compressor operated at 
constant speed. ... On 
low pressure gas com- 
pressors, constant dis- 
charge is held without 
affecting pressure of 
supply main, regardless 
of differential between 
main and discharge 
pressures... . Equally 
successful for steam as 
a back-pressure regula- 
tor... Only means for 
close regulation of uni- 
form pressure on elec- 
tric driven pumps... 
Applicable for gas, air, 
steam and water. 


INLET 


> Regulation 


HE valve has a 

definite positive 
movement for a defi- 
nite change in dis- 
charge pressure, and 
will remain indefinitely 
at some intermediate 
position between the 
wide open and closed 
position. 


Excess discharge pres- 
sure flows through this 
regulator without no- 
ticeable variation. 


Write for data pam- 
phlet. 


The Chaplin-Fulton Mfg. Company 


Manufacturers of Regulators for All 
Natural and Manufactured Gas Services 


28-40 Penn Ave. 


Pittsburgh, Pa. 


135 Bluxome Street 


and 


HEATING--DOMESTIC 


INDUSTRIAL 
GAS APPLIANCES 


San Francisco 


C. B. Babcock Company 
Ww 


2132 Atlantic Street 


Los Angeles 


WESTERN GAS 


WALWORTH CATALOG 88 NOW 
READY FOR DISTRIBUTION 


Catalog 88 of the Walworth Company, 
manufacturer of valves, fittings, tools, and 
cast iron pipe for gas, oil, water, etc., is now 
off the press and ready for distribution. The 
book is attractively bound with a stiff cover 
in red, and contains 754 pages, listing the 
latest Walworth equipment. 

A feature of the book is the center index, 
easily found by a thumb tab, which lists the 
subject matter and page on which it ap- 
pears, with arrows pointing to the section 
of the book in which it may be found. A 
foreword explains reasons for the elimina- 
tion of certain little-called-for sizes, follow- 
ing out a plan of the Manufacturers’ Stan- 
dardization Society of the Valve and Fittings 
Industry. 

Walworth materials are described in the 
foreword, including composition metal, high 
duty metal, hard bronze, forged bronge, cast 
iron, malleable iron, chrome-nickel cast 
iron, acid resisting cast iron, monel metal, 
etc. 

On all valves recommended for gas, oil 
and water service, the ratings are given. 
Throughout the book the chief sales points 
of the more important items are also given. 
Another feature of interest is the steel valve 
and fittings recommendation chart covering 
pressures, temperatures and trim materials 
for various classes of service. Copies may 
be had by writing to the Walworth Com- 
pany, Catalog Department, 809 Fourth 
Place, Los Angeles, Calif. 


SHELL CHEMICAL CO. TO USE 
NATURAL IN NEW PLANT 


Shell Chemical Company, subsidiary to 
Shell Oil Company, has announced its in- 
tention of constructing a nitrogen plant near 
Richmond, in Contra Costa County, Calif., 
where a large supply of natural gas is avail- 
able from Kettleman Hills. The plant will 
represent an expenditure of approximately 
$5,000,000. The plant will use about 50, 
000,000 cubic feet of gas daily in the manu- 
facture of ammonia and other by-products. 
Hydrogen, obtained from the gas, will be 
combined with nitrogen to form ammonia. 
Ammonia and its oxidation product, nitric 
acid, will be combined with other materials 
to produce fertilizer bases for use in Cali- 
fornia agricultural industries. 


MID-WEST NATURAL GAS CO. GETS 
NEBRASKA FRANCHISES 
Mid-West Natural Gas Company has 
been granted natural gas franchises in 
Uehling, North Bend, Scribner, West Point, 


Beemer, Wayne, Pender, Pilger, Wisner, 
Stanton, Decatur, Craig, Tekamah, Blair, 
Bancroft, Randolph, Lyons and Emerson, 


Nebraska, lying between Fremont, Nebraska 
and Sioux City, Iowa. 


NEW BILLING MACHINES FOR TEXAS 
CITIES GAS CO. 


Billing machines have been installed in 
the accounting division of the Texas Cities 
Gas Company at El] Paso, and all billing 
which was formerly done through the gen- 
eral offices of that company in Dallas will 
now be done locally. 


LUSK, WYO., ASKED FOR NATURAL 
FRANCHISE BY BAUTCH 

C. Frank Bautch has applied to the town 

of Lusk, Wyoming, for a franchise to serve 

natural gas to that town. The supply would 


come from the Lance Creek field. 
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Moore’ Puritan 


Gas Fired Circulating Heater 
Circulates Healthful, Properly Humidified Warm Air 


MOORE’S Gas Heaters provide 
Safe —Clean—Economical—Efficient —Healthful—Odorless— Effortless 


GAS HEAT 


Ninth at Tenth St. 
Whitcomb’s Greenhouse 
“Say It with Flowers” 
Lawrence, Kansas 
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Phone 275 


yoore Brothers Co., June 4, 1930 


Joliet, Ill. 


Gentlemen: 


We installed one of your Puritan Heaters 


in October, 1928. It has proved very satisfactory to 


us and for our purpose. 


we will be glad to recommend your heater 
to other greenhouses or individuals, 


yours very truly, 


WHITCOMB'S GREENHOUSE. 


k ivy unique, low-cost installation is but another example 
of the great adaptability of Moore’s Gas Heaters to a 
wide range of heating requirements in houses, stores, 
offices, factories and numerous other places. 


Have you seen the new 18 Series Puritan which provides _| 
positive circulation plus abundant controllable radiant heat? | > 


Write for Information 


BOR a ae , 


Moore Brothers Co 


Circulating Heater S nce 1 8 3 7 ||| 


Joliet Illinois Originators of the 
/ 
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OUTGOING GAS 
‘ , > 


| 
HHH 
AY | Hi 


Your Gas 
Must Be Dry 


It can, and will, be 
dry if you install a 


Campbell Mist-D-Fier. 


The Mist-D-Fier takes 
all the oil mist and 
water mist out of the 
gas line. Built and 
sold to do just that. 


Where there are del- 


icate meters to pro- 
tect and consumer 
good-will to main- 
tain, there should be 
no hesitancy. 


Bulletin No. 6 explains 
the system. Write for it 
today. 


ed - amines Lee . 


STEARNS-ROGER MFG.CO.,DENVER 
MID-CONTINENT AGENCY 


WESTERN GAS 


The accompanying 
illustration shows 
a two-section fur- 
nace assembly, each 
section of which 1s 
composed of two 
half-sections weld- 


ed together. 


Mueller Co. Announces New Pressed Steel Furnace 


NEW, pressed-steel gas-fired furnace 

is announced by the L. J. Mueller 

Furnace Company, headquartered at 
Milwaukee, Wis. 

Gas-Era_ pressed-steel furnaces embody 
the basic principles of the Gas-Era cast iron 
furnaces. Each heating unit or “section” 
consists of two half-sections welded together 
in a manner to form an effective gas com- 
bustion chamber which graduates into a 
baffled, serpentine heat travel provided with 
ample corrugations to secure a maximum of 
prime heating surface. Heavy gage copper 
bearing sheets are used. ‘This furnace is 
approved in all sizes by the American Gas 
Association, for an input rating of 45,000 
B.t.u. per section. A_ straight-side casing 
with flat top, permitting of taking off all 


AND E. PUBLICITY DEPT. 
ENLARGES ITS SCOPE 
Al C. Joy, formerly manager of the pub- 
licity department of the Great Western 
Power Company has been appointed man- 
ager of the publicity department of the 
Pacific Gas and Electric Company of San 


Pee 


Francisco, Calif., with J. Charles Jordan, 
assistant manager. The P. G. and E. pub- 
licity department has been enlarged both 


as to scope and function, and under Mr. 
Joy has been placed all company publica- 
tions, all matters of publicity and all ad- 
vertising pertaining to the Pacific Gas and 
Electric Company, the Great Western Power 
Company and the Midland Counties Com- 
pany. Whereas under the previous arrange- 
ment the manager of publicity was directly 
under the vice-president in charge of 
public relations and sales, he now reports 
directly to the first vice-president and gen- 
eral manager. 


CANADIAN WESTERN COMPANY 
EXTENDS NATURAL SERVICE 

The Canadian Western Natural Gas, 
Light, Heat & Power Company, Ltd., has 
been carrying on an extension program 
throughout the summer months and has to 
date turned gas in the mains of Foremost, 
Burdett and Cayley. Extensive additions 


have also been made to the Taber plant. 


warm air risers vertically contributes to a 
compact assembly with an overall height of 
53 inches. 


A feature of this furnace is the entirely 
sectional construction. The furnace is 
shipped as a package unit, in fibre cartons, 
and a proper size assembly for any job may 
be handled by one man. When the number 
of units or sections for a given job have 
been determined, the proper number of pack- 
ages are dispatched from open stock. 

The packages containing sections measure 
33% inches by 6% inches by 41% inches, 
and those containing the casings will be 
limited to 3134 inches by 9 inches by 54 


inches in size. 


The new business department is at present 
busy taking service and meter contracts for 
the town of Black Diamond. The city 
authorities after a brief experiment with a 
municipal system have requested the Cana- 
dian Western company to take over the 
plant and put in an adequate distribution 
system. This is going forward and it is 
anticipated that there will be approximately 
300 domestic accounts. 


GAS APPLIANCE SALES CLUB FOR 
MUNICIPAL GAS WOMEN 


The New Business Department of the 
Municipal Gas Company has organized a 
Gas Appliance Sales Club among the women 
employees of the local plants of the com- 
pany, called the “Just Us Girls” club. The 
organization will sponsor appliance selling 
contests, and will meet frequently for an 
exchange of ideas, with relation to the 
activities of the various company plants. 
John L. Whyte is new business manager of 
the Municipal. 


PLAINVILLE FRANCHISE GIVEN 
TO UNION PUBLIC SERVICE 
Union Public Service Company, with head- 
quarters at Independence, Kan., has applied 
to the Kansas Utility Commission to serve 

gas in the town of Plainville, Kan. 
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Accessible oilers for main motor bearings No radio interference from this power- 
- ful shaded pole induction motor. Sturdy 
outboard bearing assures perfect align- 


ment. 


Sloping guide with ample room for 110 
volt wires. 


Manual reset button. (Handle 
not shown) 


Lever for control of secondary air 
damper. 


Gears supported by separate 
outboard bearing bracket. A 


Line voltage terminals. Outside 
Jead wires eliminated. Rugged relay construction. Es- 
pecially designed for double 


breaking of hot wire. 


Extra terminal for handling line 
voltage blowers, fans, or signal 
lights. Hammer boss eliminates need of 
large wrench to move clamping 


ring. 


Re athe REM re TARR CRIT Sila ets Sate ey, Wretgyten gs ro nes 


Rubber insulated to prevent short- 
ing of three-wire cable and repel 
moisture. 


Double leather diaphragm seals 
gas from operating mechanism, 


EET, 
| 
none. 
a. 


cn 


Low voltage terminals are enclosed 
and have screw heads for easy con- 


necting. Seat raisesa full half-inch, further 


insuring large gas capacity. 


Top power unit easily tightened or 


removed with a screw driver. Quarter-inch pilot openings on 


both sides of valve body 


? y/ Note oversize body construction 
| ‘elas and minimum restrictions. 
MODEL F-2210 

MINNEAPOLIS HONEYWELL 


MOTORIZED GAS VALVE 


eAnnounces— 


New Motorized Gas Valve | 


Another Reason for the mechanical refinements that add power, 


strengthand dependability tothisnewvalve. 


Standardization Then write—why not today?—for a 


complete description of the F-2210. And 
ask one of the Minneapolis-Honeywell 
sales-engineers to demonstrate the advan- 
tages of this new valve to you. Minneapolis- ) 
Honeywell Regulator Co. Executive Of- 
fices: 401 E. 28th St., Minneapolis, Minn. 
These improvements represent the sum ee ALIFORN 1A B RANCH 
total of the experience and knowledge of 557 Market Street, San Francisco, California 

XT: DISTRIBUTORS 
gas heating requirements gathered by Min- i . ony Ae | 
= S Th , er Portland, Seattle, Salt Lake City, Denver 
neapolis-Honey well engineers since the birth 


of electrically-operated gas heating. MINNEAPOLIS-HONEY WELL 


Study the diagram shown above. Notice Automatic Heat Controls 


MINNEAPOLIS- 
HONEYWELL 


When you inspect the new F-2210 Motor- 
ized Gas Valve you will find a number of 
significant improvements that bring the 
control of gas house-heating closer to the 
goal of final perfection. 
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-PREMIX 


BURNERS 
Get Results/ 


SUBMIT YOUR REQUIREMENTS 


Ventite Inspirating Burners FOR ESTIMATE WITHOUT OBLIGATION 


High Pressure—7 Sizes 


PR O V's DB 


Automatic Control Valves 
Sizes 1” to 3” 


Premix Burners 
Low Pressure—10 Sizes 


COMPETITION 


Magnetic Safety Shut- 
Off Vaives—1” to 3” 


MAXON PREMIX BURNER CO. 


INDUSTRIAL FUEL BURNING EQUIPMENT 


eve dg ) Ca +> ’ 
WRITE FOR “OOM” LITERATURE 


LOS ANGELES—Branch Office 
536 Petroleum Securities Building 
SAN FRANCISCO—Represented by 
T. G. Arrowsmith Co., 661 W. Howard St. 


MUNCIE. INDIANA U.S.A. 


TIVeET:SO 


aE ge INDUSTRY 
5 “Pneumatic Equipment 


INGERSOLL-RAND COMPANY 
NEW YORK CITY + LOS ANGELES « SAN FRANCISCO 
SEATTLE « EL PASO + DALLAS + DENVER - MEXICO CITY 
TULSA + ST. LOUIS « PITTSBURGH « BIRMINGHAM + BUTTE 

SALT LAKE CITY « NEW ORLEANS 


. Offices in principal cities the world over 


(/ For Reliability—Specif 


- 
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HIGH PRESSURE HYDRAULIC TESTS 
FOR VALVE PRODUCTS 

The Merco Nordstrom Valve Company is 
now on production with the manufacture of 
Venturi series lubricated valves which are 
subjected to hydraulic tests ranging to 6,000 
Ibs. These high pressure valves are made 
of cast steel and embody the ‘“Sealdport” 
principle of lubrication. 

In pressure tests the Venturi valves range 
from 150 Ibs. up. The 150-lb. valves are 
subjected to a primary air test of 75 lbs., a 
secondary air test of 150 lbs. and a hydraulic 
test of 300 Ibs. The hydraulic test is in- 
tended primarily to prove valve resistance 
to rupture and is made on valves with both 
ends blanked off and the plug in cracked 
position. Where the hydraulic test required 
exceeds 500 Ibs. the valve is tested with 
water pressure on both sides of the plug 
and in closed position. 


LOUIS J. RUST D.M. AT KLAMATH 
FALLS FOR NATURAL GAS CORP. 
The Natural Gas Corporation of Oregon 

has recently announced the appointment of 
Louis J. Rust as district manager in Klamath 
Falls, where the company has a franchise 
for immediate construction of a butane plant 
and distribution system. Mr. Rust has just 
taken up his duties in that city, where he 
will open a store and display room and op- 
erate with a number of assistants in signing 
up gas service contracts and selling appli- 
ances. 

Prior to his afhliation with the Natural 
Gas Corporation, Mr. Rust was consulting 
engineer and valuation expert in Chicago. 
His experience also includes 33 years’ serv- 
ice on the Illinois Public Utilities Commis- 
sion, 


D. & O. UTILITIES, INC., TO SUPPLY 
DUKE AND OLUSTEE, OKLA. 
The D. & O. Utilities, Inc., has been or- 
ganized to supply natural gas service to 
Duke and Olustee, Oklahoma. Ofhcers of 
the company are Harry Franks, president; 
W. T. Bingham, vice-president; and Elmer 
Lewis, secretary and_ treasurer. Ralph 
Fmanuel, formerly manager of the gas com- 
pany at Erick, Oklahoma, has been made 

manager of the Duke and Olustee plants. 


TEXAS CITIES BUILDING TWO-MILE 
INTERMEDIATE PRESSURE LINE 
Texas Cities Gas Company, at El Paso, is 
now engaged in extending its 6-inch inter- 
mediate pressure system approximately two 
miles in the northern part of that city. 
Work is progressing rapidly, the line be- 
ing welded throughout, and ditch being 
opened by hand in a hard caliche belt which 
envelopes that section of the border city. 


HALLETSVILLE GRANTS FRANCHISE 
TO HOUSTON GULF GAS CO. 

A gas franchise has been granted to the 
Houston Gulf Gas Company, subsidiary of 
the United Gas Company, at Halletsville, 
Texas. Gas will be supplied through an ex- 
tension from the company’s southwest Texas 
to Houston line. 


CUT BANK, MONT., NOW GETTING 
NATURAL GAS SERVICE 


Cut Bank, Mont., is now being served with 
gas from the Drumheller-Yunch No. 1 dis- 
covery well in the new Cut Bank field. The 
distribution system was completed in July. 
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This attractive cabinet 
serves as a stand or 
|. ° ° . . tab! ,b id p ly- 
Women buyers demand beauty as well as utility in the things they put in their ee aod 
homes. Refrigerators and gas ranges, even water heaters, sell quicker because ao, 
they are good to look at. ms 
Here is a heater that looks like a clever console radio... a useful piece of furni- 
ture that brings beauty as well as comfort to the very finest homes. It is finished 
in natural grain walnut, obtained by photography... takes up little space... | 
stands close to the wall like a book case. 
Top and sides remain cool to the touch. It's safe for children. Remarkable in its | 
rapid heating results .. . and users can en- ) 
joy its practical comfort and beauty twelve AN 
months of the year. . . not merely through- | 
out the Winter heating season. 
Write or wire today for full particulars. 
i 


Warchouse—Buffalo, N. Y. 
MANUFACTURED ONLY BY THE PAYNE 
FURNACE AND SUPPLY CO., INC. 


THERE'S A PAYNE HEAT 
Jobbing Connections in 


SYSTEM FOR EVERY Principal Cittes 


CLIMATE AND BUILDING 


BEVERLY HILLS, CALIFORNIA 


Dealers Everywhere 
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Ease of Flame Control in DFC 


Atmospheric Gas Burners Enables 
Firemen to Do More Work 


HE DFC Atmos 
pheric Gas Burner 


simplifies lame control 


to a point where better 


ware is produced and la- 


Get the facts; send 
today for Bulletin 305. 


bor economies are set up. 
Labor savings, plus 
proved fuel economies, have paid for every one of the many installa- 
tions of this burner in from 2 to 6 months. This is a matter of record 
and makes the burner easy to sell. 

Additidnal economies result from the low upkeep cost of the 
throat and nozzle—refractory where they meet the heat, and capable 
of withstanding the same thermal shocks as the apparatus itself. 

With the DFC Atmospheric Gas Burner many objections to the 
use of gas are entirely removed. 


THe DENVER Fire CLAY ComPANY 


DENVER COLO.U.S.A. 


BRANCHES AT SALT LAKE CITY. EL PASO,AND NEW YORK 


The First Substantial 
Improvement in Storage 
Water Heaters 


New Efficient Insul- 
ating Material. 


Safety Pilot. 


he heater is 


finished in lustrous 


enamel. Combination Safety 


and drain valve. 


2 sizes: 25 gal.—40 
gal, 


300-lb. test copper- 
bearing Steel tank. 


P:ttsburg Monarch Superfine Automatic Storage Water Heater 


Made in 2 Sizes 
25 Gallons—#0 Gallons 


Pittsburg Water Heater Company 


Offices at: 
478 Sutter St. 2010 Jackson St. 242 So. Western Ave. 
San Francisco Dallas Los Angeles 
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J. F. HANST IN ENGINEERING POST 
WITH PITTSBURGH VALVE 


HE Pitts- 

burgh Valve, 

Foundry & 
Construction Com- 
pany of Pittsburgh, 
Pa., manufacturer 
of valves and fit- 
tings and piping 
fabricators, an- 
nounces the ap- 
pointment of J. F. 
Hanst,. as engineer 
and sales represen- 
tative of the Oil 
and Gas Division. 

Mr. Hanst is 

well known in the 
natural gas and J. F. Hanst 
oil fields, and in 
the mining industry, particularly in the east, 
where he served as engineer and branch 
manager for the Ingersoll-Rand Company 
for the past 12 years. Previous to his em- 
ployment by the Ingersoll-Rand Company, 
and after his graduation from Lehigh Uni- 
versity in 1907, with the degree of engineer 
of mines, he served successively as mining 
engineer and geologist with the Cleveland 
Cliffs Iron Company, Ishpeming, Michigan; 
chief engineer, Cortes Associated Mines, 
Jacala, Hgo., Mexico, and chief mining en- 
gineer, Andes Copper Company, Potrerillos, 
Chile. 


PORTLAND CO. CONSTRUCTING 
STORES BUILDING AT SALEM 

In order to provide a distributing point 
to render adequate service throughout the 
Willamette Valley towns of Salem, Albany, 
Corvallis, Dallas, Lebanon, Independence, 
Monmouth, Silverton, Mt. Angel and other 
smaller towns to which manufactured gas 
service is being extended, the Portland Gas 
& Coke Company of Portland, Ore., is con- 
structing a building at Salem to provide 
space for stores and utilization activities. 


The new building will be 60 by 64 feet 
and one story in height. It will be con- 
structed of reinforced concrete and will be 
lighted by means of steel sash windows and 
skylights. The outside will be finished in 
white stucco. A railway spur already on 
the property will provide facilities for re- 
ceiving shipments of pipe and other ma- 
terials. One-half of the interior will be 
devoted to storage space for ranges, water 
heaters, refrigerators and other gas appli- 
ances; one section to the ofhce and the re- 
maining part to the shop and _ utilization 
work. The ofhce will be equipped with 
facilities for the operating department head- 
quarters where 24-hour operating service 
will be maintained. 


TEXAS CITIES GAS CO. SIGNS 
MORE INDUSTRIAL CONTRACTS 


Industrial contracts recently signed by the 
Texas Cities Gas Co., at El Paso include 
the new Austin Senior High School, El Paso 
Cotton Industries Oil Mill, and Globe Flour 
Mills. A tap on the 16-inch line of El Paso 
Natural Gas Co., to the A. S. & R. Smelter, 
creates a new district for the Texas Cities 
Gas Co., to serve the ©=1 Paso Cotton Indus- 
tries, and Globe Mills. A 4-inch high pres- 
sure regulator, and metering station have 
been installed at the Globe Mills which 
will serve for industrial purposes, as well 
as open up a new domestic field in that 
section of El Paso, which has been without 


gas. 
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— Safety Pilots are simple and dependable 
because they have exclusive use of the famous 
Spencer thermostatic disc. This disc (shown below) 
is the simplest thermostat in the world,—hence the 
most dependable. It is a bi-metallic concave seg- 
ment that snaps into a convex position at an accu- 
rately determined point in the temperature range. 
As applied to this Klixon Safety Pilot it closes the 
main gas valve 
if the pilot light 
is extinguished 
for any reason. It 
generates its own 
power, and needs 
no cams, toggles, 
or other mechan- 


A complete thermostat, generating its ical advantages. 
own power to give its powerful action The disc and the 


valve form the only moving unit in the 
complete safety pilot. It cannot get out 
of order. 

The Klixon Safety Pilot can be put on 
existing installations easily and quickly. It 
is made in one style and size for all heaters. 

Here are six outstanding features that 
put this safety pilot in a class by itself:— 


|. Absolutely reliable (will act as accu- 
rately years from now as when first 
installed). 

2. Valve is self-seating, and powerful 
"click" of the "“disc’’ eliminates valve 


SAFETY PILOT 


LIXO 


FOR CIRCULATING TANK HEATE 


: The Klixon Safety . a 
cleaning. 4 f 4 1 4 Pilot is simple, com- information at your request. 7 " ” 
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3. Compact, simple and fool- 
proof (there is nothing to ad- 
just or need servicing). 


4. A positive snap-action with- 
out toggles, cams, or springs. 
No buttons to push or levers 
to pull. 

5. Made in one size and style 
for any tank heater. (Can 
be put on by anyone) 

6. Simply light it and forget 
it. It automatically comes 
on and goes off with a 
“click” in case of pilot outage. ” y ” 
The Klixon is made according to rigid specifica- 

tions, it is reasonably priced, and is backed by a 

reliable company. It has been thoroughly tested 

in thousands of installations made by lead- 
ing gas companies. It meets all require- 
ments for safety. Gas companies and 

plumbing contractors are opening up a 

tremendous new market for their services. 

This much-needed safety device is not only 

providing profitable business but it is 

making the use of gas much safer. 


May we send you a sample of the famous 
Spencer disc that has made possible this 
great safety device? We shall be glad to 
send one, with prices and any additional 


pact, and fool-proof 


SPENCER 


THERM@STAT CO 


CAMBRIDGE --- MASS 


Pacific Coast Representative, B. W. MUELLER, 447 Sutter St., San Francisco, California 
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ANNOUNCES the introduction of 3 
new models of A.G.A. approved floor 
furnaces—with the following rated in- 
puts: No. 26—26,500 B.t.u., No. 30— 
30,000 B.t.u. and No. 36—36,000 
B.t.u. @ The former well known 
Electrogas No. |—20,000 B.t.u.— is 
now No. 20, and No. 3—46,000 B.t.u. 
is now No. 46. Changes and improve- 


ments have been made in all models. 


Electrogas Furnace Co. 
Rialto Bldg., 


San Francisco 


DESIGNERS— 
FABRICA TORS— 


Lift and Pressure Type Gas Holders 
Generator Sets 

Oil Storage Tanks 

Elevated Tanks and Towers 
Pressure Stills 

Penstocks 


Pipelines 


Thorough engineering service 
Complete plant equipment for 
Western requirements. 


The Steel Tank & Pipe Company 


of California 
1100 Fourth Street Berkeley 


WESTERN GAS 


ECKENROTH NOW ON STAFF OF 
STEIGER & KERR STOVE & FDRY. CO. 


Harry Eckenroth has recently become a 
member of the sales force of the Steiger & 
Kerr Stove and Foundry Co., San Francisco 
manufacturer. He will be in charge prin- 
cipally of sales to the distributors of lique- 
fied petroleum gases, working with their 
sales crews and contacting the towns in 
which butane franchises have been secured. 
Prior to this connection Mr. Eckenroth was 
with the San Francisco distributor of Gen- 
eral Electric refrigerators, and has a back- 
ground of general experience in the gas 
industry as utility employee, and distribu- 
tor of various types of gas appliances in the 
San Francisco territory. 


HOLTON SYSTEM 35 PER CENT 
COMPLETED BY GAS SERVICE 


Charles H. Koinm, chief engineer of the 
Gas Service Company at Kansas City, Mo., 
has announced that the construction work 
on a new distribution system at Holton, Kan- 
sas, is approximately 35 per cent completed. 
This work at Holton is in charge of William 
Layland, construction foreman. Before being 
transferred to this city Mr. Layland com- 
pleted the piping of four other small towns 
in the district, Morrill, Everest, Hamlin and 
Reserve. 


G. A. LEE NAMED GENERAL 
COUNSEL FOR NO. NATURAL 


George A. Lee of the law firm of Flan- 
burg & Lee of Lincoln, Neb., has been ap- 
pointed general counsel for the Northern 
Natural Gas Company, and its subsidiaries. 
Mr. Lee is also vice-president and general 
counsel for Iowa-Nebraska Light and Power 
Company. The Northern Natural has a gas 
line under construction from the Texas Pan- 
handle to points in Nebraska and Iowa. 


DIRECT-MAIL ADVERTISING FOR 
UTILITIES, BY MAXON, INC. 


Maxon, Inc., 8353 East Jefferson Ave., De- 
troit, Mich., has prepared a series of direct 
mail pieces in the interest of domestic gas 
heating, consisiting of four folders printed 
on heavy stock, in two colors. The copy 
stresses the health and comfort of gas heat, 
and is designed for the use of gas com- 
panies in direct mail campaigns. The series 
is attractively presented to the utility in a 
large portfolio, with an explanation of the 
program. 


A. T. WOODS GETS FRANCHISE 
AT ALPINE, TEXAS 


A gas franchise has been granted by the 
city commission at Alpine, Texas, to A. T. 
Woods, who has posted a $5000 bond assur- 
ing the city that gas will be available to the 
users by early Fall. The gas is to be piped 
from the Pecos County gas field from a point 
near the Brewster County line. 


20-INCH LINE TO WELLINGTON, 
KAN., REPLACES 12-INCH 


Cities Service Gas Company is surveying 
the route for a 20-inch line to be laid to 
Wellington, Kansas, from the Dilworth- 
Wichita line of the company. The new 
line will replace a 12-inch carrier and will 
increase Wellington’s supply of natural gas. 


SKELLY OIL ASKS PERMIT TO SERVE 
BUTANE AT WASHINGTON, MO. 
Skelly Oil Company of Eldorado, Kansas, 
has made application for a gas franchise at 
Washington, Missouri. The company pro- 
poses to construct a plant for the distribu- 
tion of butane gas, 
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The NEW “K” Type 


AutomatiCook 


is selling 


Gas Ranges 
FASTER! 


HE new “K” Type AutomatiCook 
is a definite selling point on any 
range. And more than 100 leading 
makes of gas ranges will be Auto- 


matiCook equipped this year. Find 


ain : CHROMIUM 
VISIBLE PLATE 
DIAL 


ONE MINUTE 
TEMPERATURE 
CHECK 


NON-CLOG 
BY-PASS 


° FASTENED TO RANGE 
out the selling arguments of the new WITH ON E BOLT 


AutomatiCook—now! 


It’s smaller, more compact, better 
looking. Chromium plated. A full 
vision dial. An absolutely foolproof 
One-Minute Temperature Check. 
A non-clog by-pass. Only one bolt 


secures the AutomatiCook to the R 0 : E RTS HAW 


range. The AutomatiCook is so A t ti C k 
designed that temperature setting, u Oma l Ooo 
calibrating and all working parts are 

accessible from outside the range. 


Study up on the new AutomatiCook, 
now. Write for our descriptive litera- 
ture. We'll be glad to send this litera- 
ture to your salesmen and service 
men, too. Just send us their names. 
But write now—if you want to make 
selling of gas ranges easier this year! 


ROBERTSHAW THERMOSTAT COMPANY 


Youngwood, Penna. 
¢ 
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PLAY SAFE! 


By Specifying and Using 


“COLONIAL” BRAND 


Re-Chrome Meter Leather 


in your New Meters and Repair 


Work. This Leather will stand 
the Five-Minute Boiling Test. 


“SE This Trade Mark stamped 
on each New Zealand Lambskin 
is our guarantee to you that each 
skin has received the greatest 
care in its selection and tanning. 


Besse, Osborn & Odell, Inc. 


51 South Street, Boston 


177 William St., N.Y. 


Gladding, McBean & Co. 
Refractories 


‘Best in the West”’ 


Fire Clay Brick 
Flint Clay Brick 
Plastic Fire Brick 
Ground Fire Clay 
Ground Brick Dust 
Fire Brick Mortar and Bond 
Standard and Special 
Refractory Shapes 
High Temperature Cements 


Catalogue On Request 


Gladding, McBean& Co. 


SAN FRANCISCO, OAKLAND, FRESNO 
LOS ANGELES, PORTLAND, SEATTLE 
SPOKANE 


‘The WILCO LATOR 


OvEN 
 TIEAT 
CONTROL 


%-. 
*% ae 
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‘The WI LCOSTAT 


ROOM 
ts diirunc 
‘CONTROL 


The 
WILCOLATOR 


Be’ Newark N. J. 


WESTERN GAS 


E. M. LINDSAY JOINS STAFF OF 
STANDARD MANAGEMENT 

E. M. Lindsay has been added to the 
staff of the Standard Management and Op- 
erating Corporation, San Francisco, Calif., 
and will supervise all construction work 
on the various gas plants and distribution 
systems which are being installed, as well 
as being supervising engineer on electrical 
construction which may be necessary. 

Mr. Lindsay comes directly from_ St. 
Petersburg, Fla., where he was an engineer 
with the Florida Power Corporation as 
superintendent of distribution. 

He is a native of Georgia, where he 
completed a four year course in electrical 
engineering, graduated with a B.S. degree 
in 1914 and later finished one year of post 
graduate work, graduating in 1915 with an 
electrical engineering degree. 

Mr. Lindsay entered the testing department 
of the General Electric Company at Schenec- 
tady, N. Y. in 1917, but later in the year 
enlisted in the army and went overseas. 
Returning to Schnectady with the General 
Electric Company in 1919, he was trans- 
ferred to the Atlanta, Ga., office in 1920 as 
sales engineer. 

In September, 1920, he was assigned to 
the Jacksonville, Fla., office as sales engi- 
neer and remained in that capacity until 
1925, when he was employed by the Florida 
Power Corporation as engineer in charge 
of distribution superintendence. 


JAMES GRAHAM MFG. PLANT 
CONVERTS FURNACES TO GAS 

The James Graham Manufacturing Co. 
of San Francisco, Calif., maker of the 
Wedgewood line of stoves and water 
heaters, has recently converted all the fur- 
nace operations in the company’s plant from 
oil to gas fuel. 

Three ovens in the enameling plant at 
Newark, Calif., which operate 24 hours a 
day, have been changed over and the com- 
pany is now constructing a new gas fired 
bluing oven. A two weeks general vaca- 
tion was declared while the new equipment 
was being installed. 

The gas fuel thus used supplants fuel 
oil requirements that ran to approximately 
four carloads a month in the enameling 
plant. The entire assembly department of 
the Wedgewood plant is also equipped with 
gas which is piped throughout the whole 
department, with outlets and rubber tubing 
at each working station. 

Every stove which is assembled is con- 
nected and the burners adjusted under 
actual operating conditions. 


96 COMPANIES SERVE 325 TOWNS IN 
OKLA. WITH “NATURAL” 

There are in Oklahoma 96 companies en- 
gaged in distribution or transportation of 
natural gas, or both classes of service, ac- 
cording to records of the Oklahoma Utilities 
Association. Approximately 325 towns in the 
state now have natural. gas distribution sys- 
tems and service is rapidly being extended to 
other towns. There are 6,000 miles of nat- 
ural gas transmission mains. 


PLYMOUTH, NEB., TO GET NATURAL 
FROM IOWA-NEB. P. & L. 

The city board of Plymouth, Neb., has re- 
cently granted a natural gas franchise to 
the Iowa-Nebraska Light & Power Com- 
pany. 


WEST TEXAS GAS CO. OPENS 
NEW OFFICE AT LUBBOCK 
Formal opening of the new home of the 
West Texas Gas Company at Lubbock, 
Texas, was celebrated Saturday afternoon 
and evening, July 26. 
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Hvery Medium-Sized Home Can Afford 


This Barber Conversion 
Gas Burner 


List Price 


$y 4250 


No. 7 24-B 
Barber 


Automatic 
Burner 


i 
| 
; 
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HIS new line of BARBER Automatic Conversion Gas 

Burners, with list prices from $72.50 up, creates an 
unusual opportunity for gas companies to convert the great 
middle class market to the use of gas for home heating. 
The “‘load’’ building possibilities are immense. 


These people are eager to get away from the slavery of 
shoveling coal and hauling ashes. They have been waiting 
for an automatic conversion burner that would assure them 
an efficiency and economy favorably comparable with the 


custom-made gas-fired heating plant. 


BARBER Automatic Gas Burners are the answer. With 
the BARBER Patented Jet Burner producing a flame hotter . 


. . . . BARF.ZR Burners are quickly and easily in- ’ 
than ordinary mixer-type burners and with this flame ap~- stallead in any furnace or boiler, in exactly the i 


plied directly to the heating surfaces of furnace or boiler, Se ee ee ee een eee 
the result is an effectively heated home and moderate gas 


bills. 


Note in the illustration below how the proper 
amount of air is fed to the jets and flames espe- 


Now is the time to cash in on this oppor- cially through the vacuum formed where the 
, _ 66 twin-flames mect. This means perfect combus- 
tunity. Write for our new sales book, “More tion which cnly the BARBER principle makes 


Gas”? which gives you the complete techni- possible. 


cal and selling story. Our new discounts 
are attractive. 


Td aa 


BARBER 42°55 BURNERS 
The Barber Gas Burner Co. 


3702 SUPERIOR AVENUE CLEVELAND, O. 


ep re tet es, 


FORMERLY THE CLEVELAND GAS BURNER & APPLIANCES CO. 
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C. C. Moore & Co. Engineers, Inc. 


CONTRACTORS FOR COMPLETE PLANTS 
High Grade Machinery 


Babcock & Wilcox Water Tube Boilers Cochrane Feed Water Softeners (Hot and 
Babcock & Wilcox Superheaters Cold Process) 
Babcock & Wilcox Tube Company Cochrane Steam and Oil Separatcrs 
Corliss, High Speed and Poppet Valve Cochrane Flow Meters 

Engines Diamond Soot Blowers 
Green Fuel Economizers and Fans Lagonda Tube Cleaners 
Wheeler Condensers Copes Feed Water Regulators 
Cochrane Feed Water Heaters Lagonda Automatic Boiler Stop Valves 
Cochrane Metering Feed Water Heaters Apexior Boiler Coating 


And All Power Plant Auxiliaries 


Home Office: SAN FRANCISCO, Sheldon Bldg. 
Los Angeles, Central Bldg. Portland, Failing Bldg. Seattle, Smith Tower 
Salt Lake City, Kearns Bldg. Honolulu, T. H. Phoenix, Luhrs Tower 
Vancouver, B. C., Standard Bank Bidg. 
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WESTERN GAS 


Classified 
Advertising 


Classified advertising five cents per 
word; minimum $2.00 per insertion. 
Situation Wanted advertisements up 
to 50 words will be published three 
consecutive issues without charge. 
Small professional cards 1-in. deep by 
21 ems wide are $5.00 monthly on 12- 
time contract. 


-HELP WANTED—MALE 


Wanted—Experienced salesman. State 
qualifications fully. Salary $200. Answer 
by mail—Williams Radiator Company, 
1865 Cordova St., Los Angeles, Calif. 


FOR SALE 


The following pipe line equipment. All 
equipment has been thoroughly overhauled, 
painted, and put in first class condition: 3— 
Ingersoll-Rand 7 x 6 lype 20 air compres- 
sors; 8—250-gal. capacity paint pots; 4— 
Model 36 Buckeye ditchers; 6—Lincoln arc 
generators; 4—Oxweld  generators—Style 
100 M.P.; 7—-Fordson tractors equipped 
with full crawlers and booms; 3—‘30” 
Caterpillars equipped with bulldozers; 
Tents, flies, blankets, iron cots, Frostkiller 
heating stoves, kitchen ranges, cooking and 
table ware. Uinta Pipe Line Company, P.O. 
Box 2264, Salt Lake City, Utah. 


SITUATIONS WANTED-——MALE 


Civil engineer and draftsman desires con- 
nection with oil or gas company. Applicant 
is 32 years of age, and is married. He has 
had 13 years experience in oil and gas field 
engineering, plane table surveys in connec- 
tion with mapping geological structures, and 
experience in gas transmission and distribu- 
tion line work. References. Address Box 
B-99, Western Gas, 124 West Fourth Street, 
Los Angeles, Calif. 


Sales manager and assistant secretary of 
gas range manufacturing company, having 
had 13 years managerial experience, desires 
position with gas range manufacturer or 
liquefied gas distribution company. Has had 
experience adapting new model ranges to the 
use of liquefied natural gas. Address, Box 
B-105, Western Gas, 124 West Fourth Street, 
Los Angeles, Calif. 


Salesman having 20 years experience in 
gas appliance selling, would like to repre- 
sent manufacturer of such appliances in the 
Southwest. Address Box B-101, Western 
Gas, 124 West Fourth Street, Los Angeles, 
California. 
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MUELLER TO HANDLE WESTERN 
GAS CONSTRUCTION CO. LINE 
The Western Gas Construction Company 

of Fort Wayne, Indiana, has recently an- 

nounced that the company’s interests in the 

11 Western states will be handled by B. 

W. Mueller with offices at 447 Sutter Street, 

San Francisco. 

Mr. Mueller is well known in Western 
utility circles through his work in _ behalf 
of other Eastern manufacturers. 

In regard to Western Gas Construction 
Company, he will develop especially the 
market for the company’s oil foggers, valves 
and other gas plant equipment. 
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OWER failure under any conditions of 

production is a major disaster. Even 
Insurance will not overcome this emer- 
gency. Factories dependent upon heat gen- 
erated power or upon heat in any form are 
subject to the danger of fuel failure and 
the resultant penalties of a shut-down. 
Leahy Combination Gas and Oil Heating 
Units were designed to guard against this 
very contingency. In this unit one fuel 
can be replaced with the other without loss 
of time or change in efficiency. The Leahy 
Multi-jet gas burner makes possible a high 
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N A FACTORY running full-shift 
maximum capacity, the men re- 
sponsible know the importance of 
the synchronization of the elements of production—of 
Budgeting—Planning—Scheduling and Balancing In- 
ventories—of Routing—of Stores—Receipts and Issues 
—of Material Handling—of Inspection—Packing and 
Shipping—and men who have had the experience of 
a shut-down under capacity conditions know the 
meaning of... .‘*The Power’s Off.” 


rating with maximum efficiency due to 
rapid ignition and low draft requirements. 
The Leahy Oil Burner is equally efficient. 
It will thoroughly atomize any grade of 
fuel oil with a minimum amount of steam 
or air. Both are so located in the firebox 
that equal heat distribution is insured. 


LEAHY MANUFACTURING CO. 


Established 1902 
1804-1812 East Eighth Street, Los Angeles, California 


E. A. CORNELY, INC. 


1452 Bush St.. San Francisco, California 


the attached coupon. 
~ ® 


There are a few territories open for 
the representation of the Leahy Line 
of Combustion Equipment. 
inquiries to the Los Angeles Office. 


Guard against a possible shut-down—insure continued production with the protection 
that Leahy Dual Combustion Equipment provides. The small additional expense of the 
auxiliary unit will be repaid you many times in the event of even one failure of your 
major fuel. For full particulars mail -~ - - - - 


' Leahy Manufacturing Co., 
: 1804-1812 East Eighth St.., 
Los Angeles, California. 


7 


Gentlemen: 
Kindly send me full information concerning 
Leahy Dual Combustion equipment. 


Address 
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Quality and Service 
with Speed 


“SS =" —_— 
From Coal to Gas 


For Emergency Service 


, By installing five No. 200 Webster Radiant Gas 
Burners as “‘stand by’’ equipment, The St. Joseph 
Railway Light Heat & Power Company, of St. 
Joseph, Mo., has solved a real problem. 


Although coal is used, the need for sudden in- 


crease in power, due to sudden peak emergency 


demands, could only be met by efficient gas- 
fired equipment. 


After exhaustive tests, Webster Radiant Gas 
Burners were selected and, after installation 


in the 1000 H.P. boiler, gave it a rating of 
25%! 


The ability of C. E. Holley, Superintendent 
of Production, and the efficient coopera- 
tion given by Webster men, were the de- 
termining factors in securing the job and 


carrying it through to successful comple- 
tion. 


May we assist you on any jobs which 
you may be planning? Whether it be 
a proposal or an installation, our ex- 


perience may, perhaps, be of service to 
you. 


Write us today 


there is no 
obligation. 


" J . 
==) The Webster En¢gineerins¢ Co. 
*. TULSA - OKLA. 
& Boiler Burner Division of 
The Surface Combustion Co. (A) 
Suhodiary of H. enry L Doherty & Co 
2375 DORR STREET TOLEDO OM10 


as wool Cities 
Member of Industral furnace Manutacturers Association 


WESTERN GAS 


DIRECTORY 


Byllesby Engineering and 
Management Corporation 


231 3; La Salle Street 
CHICAGO 


New York 


Pittsburgh San Francisco 


» on 


J. B. GILL CORPORATION 
NATURAL GAS ENGINEERS 
COMPRESSOR PLANT DESIGN AND 
CONSTRUCTION 
P. O. BOX 669 


LONG BEACH, CALIFORNIA 


REID AND BARTLETT 


CONSULTING NATURAL GAS ENGINEERS 
ATHLETIC CLUB BUILDING, DALLAS 


SMITH-EMERY CO. 
Chemists—Engineers 
Established 1910 
Analyses and tests. Represent Pittsburgh Testin 
for inspection at Eastern foundries, mills an 
Offices & Laboratories 


Laboratory 


shops. 
920 Santee St. 


651 Howard St. 
Los Angeles 


San Francisco 


| Position Occupied 


City and State 


/ you would keep in touch with the Gas Indus- 


try developments in the West, send a check 
for $2.00 to 


WESTERN GAS | 
124 West Fourth Street, Los Angeles | 


Company 


SNE SELLE AI ALE. St LSTA ORG pF ENE! FER TE AOE 
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Subscription Rates: 1 Year $2.00; 3 years $5.00; 


Foreign $3.00 per year 
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"fwo Pipes as of Peace / 


To have peace in his mind, a gas dis- 
tribution man needs cast iron pipe in 
his mains. Then the old cob pipe hits 
on all six: he knows rust cannot harm 
his gas pipe this year, next year,—or 


next century. Cast Iron lasts. 


MecWane-Pacific cast iron pipe—with 
B. & S., threaded, or Flexpan joints— 
holds the gas. The latter two are recom- 


mended for pressures to 100 pounds. 


Get This New Booklet 


. a & ‘ 
New small cast iron pipe booklet and Flexpan folder 
now ready. At least find out how cast iron can 
help in its new forms and strengths. 


Ri pire POURED MULTAN, 
S, 


Avoid future 
trouble with 
rust by speci- 
fying all lines 
above | inch 


Mc Wane- 
Pacific cast 
iron pipe can 
be had as 
small as 1% 


and 2 inches. cast iron. 


gv 


4/1) \ 
MOULDED InsiDe AN ™ 


~ Pacific States Cast Iron Pipe Co. 


San Francisco - Los Angeles - Portland - Denver 


McWane Cast Iron Pipe Co. 


| Birmingham - Philadelphia - Chicago - Dallas 


Let JANITROL Be 
—_____i) 
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AVAILABLE Now! 


Another 
Outstanding Campaign 
to help sell Gas -- - 
and Janitrol 


It contains merchandising helps and suggestions 
well worth the consideration of any Gas Company 
Executive interested in increasing the domestic load 
by pushing the sale and use of conversion burners. 

This New Fall Janitrol Campaign sponsors the 
thought of Heating With Gas “When Nights Get 
Nippy and Frost Lingers in the Morning Air.” 

Fall brings crisp nights ... snappy mornings... 
autumn moons ... house warmings ... football— 
the mental processes of people turn to house heat- 
ing. Now is the time to dovetail the selling of gas 
..- and Janitrol, with those thoughts fast becoming 
uppermost in the minds of Gas Company patrons. 
Why not encourage them to use gas next winter 
through such appeals. 

Also, there are miscellaneous appeals, i.e. *“Tracks”™ 
—all over the house; “10 Seconds’’—to start the 
fire that lasts all winter; “‘Modernize with Gas’’— 
the vogue in house heating, and others—all to turn 
your prospects’ minds to greater and more conveni- 
ent use of Gas. 

The New Fall Janitrol Campaign is made up in a 
convenient portfolio size. Order your copy—today. 


THE SURFACE COMBUSTION CO. 


Incorporated 


Toledo, Ohio 


» 
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Annnouncing 
3e*\ Automatic Two-Speed 
— Systems— 


“py 
A Real Cure For 
“Cold Seventy” 


We had planned to wait until the Atlantic City Con- 

vention to announce these, but now that we are 

getting dependable motor deliveries, the news is too 
good to keep. 


Let us tell you more about these real jobs 


The General Iron Works Co. 


Cincinnati, Ohio 


Solves: Process 


Steam Boiler Feed 
Problems automatically... 


More than one industrial gas boiler installation 
has been a thorn in the side of the Gas Com- 
pany due to repeated complaints, by the user, 
of inefficient and ineffective control of the feed 
water. These complaints, although not due to 
gas, often prove a handicap when endeavoring 
to make new sales. 


The M-K-O Automatic Boiler Feed, while not 


a gas-burning appliance, is a most important 


accessory to the success of an industrial gas 
boiler installation, and should be sold with the N@€W M-K-O-Automatic Boiler Feed 


boiler wherever there is a condensation return for High or Low Pressure Boilers 
problem. , . : , 
—Made by pioneers in automatic gas boiler control, 

Automatic control of feed water and return of this new M-K-O Boiler Feed will operate equally well 
condensation for industrial boilers, either high with any process steam generator, but it is especially 
or low pressure, reaches ultimate perfection in recommended for KANE or OFELDT Boilers, 
the M-K-O Automatic Boiler Feed. Write for where city pressures demand a separate boiler feed 
Catalog Unit No. 4. unit. 

New York—9 Park Place EARS= ANE:OFELDT Buffalo—Waldridge Bldg. 

Boston—100 Arlington St. a St. Louis—2010 Locust Blvd. 


Chicago—363 W. Erie St. 1903-1915 EAST HAGERT ST., PHILADELPHIA Birmingham—Am. Trust Bldg. 


Makers of Automatic Gas Boilers for over a Quarter Century 
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The 
Bartlett Hayward Co. 


Engineers and Founders 


BALTIMORE NEW YORK 


DESIGNERS AND BUILDERS 
OF 
COMPLETE COAL GAS PLANTS 


CARBURETTED WATER GAS PLANTS | 


BY-PRODUCT PLANTS 


DE BROUWER CHARGING AND 
DISCHARGING MACHINES 


SALT WATER AND FRESH WATER 
CONDENSERS 


PURIFIERS 


SHAVING SCRUBBERS 


CENTRIFUGAL VERTICAL TYPE 
SCRUBBERS 


STEEL TANKS | 


| 


VERTICAL WASTE HEAT BOILERS | 


GAS HOLDERS 


Page 241 


TONCAN 


COPPER MOLYBDENUM 


IRON PIPE 


| Now Obtainable in All Sizes ™%” to 16” 


Inclusive 


STOCK or 
MILL SHIPMENTS 


| Toncan is a highly refined iron to 
which has been added copper and 
molybdenum of the correct pro- 
portions to produce a strong duc- 
tile and corrosion resisting alloy. 
It resists to a higher degree than 
any other ferrous material, with 
the exception of the stainless irons, 
the attacks of rust and corrosive 
agents. 


Pe ee a i Corie OER 


Toncan also supplied in sheets, 
plates, bars, rivets, wire, bolts, 
nuts, washers. 


Product of Republic Steel Corp. 


Distributed by 


DUCOMMUN 
CORPORATION 


Los Angeles—San Francisco 


a 


Write for Booklet “Path to Permanence” 
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The FORNEY Combination Gas 


and Oil Burner 
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is being used by many of the largest Central Stations : 
7 where economy and flexibility of changing from : 
: one fuel to the other are of primary importance. : 
In the quick change type both the oil and gas 
: elements remain in place and are ready at all times 
: for an instantaneous changeover, without making 
up any connection. Both the gas and oil elements 
: can be easily removed and quickly cleaned with the 
3 boiler in service. 
Freedom from pulsation, no flame travel with 
gas, ruggedness of construction, low initial cost and 
low maintenance cost are some of the features of : 
Forney equipment. 7 
? Write for list of installations. 
Forney Combustion Engineering Co. 
305 Thomas Building 
Dallas, Texas i 
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Western Gas Men Know 
these Super-Service Boilers 


For what they are—and what 
they do—western gas men know 
these new Peerless Super-Section 
Boilers. 
| Twin masters of heating effi- 
ciency, they have set new stan- 
dards of heating convenience and 
economy. 


They are completely automatic 
and absolutely noiseless in opera- 
tion. Their long and staggered 
tire travel insures absorption of 
every possible heat unit from the 


fuel. 

Peerless in name—-peerless in 
tact—here’s heating service in step 
with the times. 


AY : 


A 
if 


East or west, Peerless Boilers 
are the choice of gas men who 
know. Important and_ exclusive 
Peerless features make for greater 
eficiency and economy of opera- 
tion. 


The Peerless Patented Water- 
Tube Super-Section is the most 
eficient type of gas boiler con- 
struction. Easily opened clean-out 
doors give ready access to the eat | 

- a Sectional view showing the 
flues. Gas controlled valves guard ; . ° 
: ; Peerless Patented Wéater- 
every operation. Patented mixers om ' “tear 
Tube Super-Section and 
and burners of advanced design ' : 
Staggered fire travel insur- 
insure efficient combustion. ii a 
ing maximum heat absorp- 


Jacketed, of course—in choice tion and economy of opera- 


colors. tion. 


THE PEERLESS HEATER COMPANY 


Boyertown - - - - - + Pennsylvania 


Representative for Southern California Representative for North. Cal., Ore., and Wash. 
Samuel G. Fyfe T. G. Arrowsmith Company 
Architects Bldg., Figueroa at 5th 661 Howard Street 


Los Angeles, California San Francisco, California 


No. 2 and No. 3 


House Heating Jobs 


Accurate Pilot Measurement 
Accurate Volume Measurement 


Satisfactory 


Maintenance cost, first cost, and 
general results in Manufactured or 
Natural Gases, High or Low Pressure 


Get Ready Now For the Fall Rush 


SPRAGUE METER CO. 
LOS ANGELES, CALIF. 
SAN FRANCISCO, CALIF. 
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